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REMARKS 

Status of the Claims 

Prior to entry of the Amendment filed February 14, 2002, claims 1-43 are pending in this 
application. Claim 35 was cancelled in the Amendment filed February 14, 2002, and thus, after 
entry of that Amendment, claims 1-34 and 36-43 will be pending in the application. The 
amendments herein to claims 17 and 19 are supported by the specification, e.g., at page 6, line 
25, to page 7, line 16, and page 23, lines 26-28. These amendments, which are not intended to 
limit the scope of the claims, add no new matter. 

The rejection for lack of enablement 

Claims 1-43 stand rejected under 35 U.S.C. §112, first paragraph, on the grounds that the 
specification allegedly does not enable any person skilled in the art to which it pertains, or with 
which it is most nearly connected, to make and use the invention commensurate in scope with 
these claims. Applicants respectfully traverse this rejection. 

Applicants submit herewith a declaration of Daniel A. Vallera showing the in vivo 
efficacy of treatment of mice bearing a different tumor from that used in the experiment 
described in Example 6 of the instant application. Moreover, the targeting cells, the targeting 
domains, and one of the toxic domains used in the experiments described in the declaration are 
all different from those described in Example 6 of the instant specification. The targeting cells 
used in the experiments described in the declaration are CD4+ T cells while those used in the 
Example 6 were CD8+ T cells and the targeting domain used in the declaration experiments is 
IL-3 rather than IL-4 which was used in experiments described in Example 6 of the present 
application. In addition, the two molecules used as toxic domains (i.e., the DT390 fragment of 
diphtheria toxin and the mammalian proapoptotic protein B AX) in the experiments of the 
declaration are very different from each other, both structurally and in mechanism of action. 
Importantly, moreover, while the experiment described in Example 6 involved systemic 
(intravenous) administration of targeting cells to animals bearing a localized tumor, the 
experiments described in the declaration involve systemic (intraperitoneal) administration of 
targeting cells to mice with systemic (intraperitoneally administered) leukemia. 



e^^> 



AttorneJ^Docket No.: 1 1983-004001 



Applicant. Daniel Ajallera et al. 
? wl : .v,. . 09/579,738 



Attomey'sDocketNo, 119S3-004001 



Serial No 
Filed 
Page 



Pa8C . , fnr the ability of different targeting cells to 

direc , functional* different imn,unotox,ns to tote ^ forth „ 

inst ant specification (e.g., page 33,"" • beu ^ Una wide range of systemic 

pathogenic cell-mediated diseases such . a ».™» ^ ^ ^ me 

teaching of the instant spec.ficat.on that »m ^ ^ ^ ^ ^ 

istargetedtoadiseasesitebyapp^^^^^^ 

a^ost ce«ain.y less systemic* toxtc, «- « ^ ^ ^ autoimmune «, 
admiration of the particular immunto xrn^ ^ ^ (- . ^ 

fc example, climca! trials using fus.on pro ten* «-P 

a, Arthritis Rheum, 38(9):1 177-1 86, 995^ ^ ^ ^ ^ rf , simllar 
88 , , 2001, respectively, copies enclosed - E* ^ ^ £ur , 

immunotoxin was shown in an animal m °j^| ^ Exhibit B). Applicants submit that use of 

m ose described by More.and et al. and Martm eU w^ ^ ^ ^ in , 

nSl,183)andMar,ine,a,.(e.g .atpag^ ^ ^e,^ dom ai„, it wouid be necessary to US e 

surface 1L-2 receptors. a ^ model designed to test for HTV-1 

With regard to infection, recent expenm Unes 25-30, of the instant 

^.cation,.,—, ox— ^ Ww (Schit0 eta ,, , Infect O, 133(11^9, 
controlling HIV-1 replication both in 



Applicant 
.Serial No. 
Filed 
Page 



Daniel A. Vallera et ail 
09/579,738 
May 26, 2000 
9 




Attorney^)ocket No.: 1 1983-004001 



12600, 2001; copy enclosed as Exhibit C). In view of the earlier success of in vitro experiments 
using cytotoxic cells as targeting cells to deliver an immunotoxin containing a Fab fragment of 
an antibody specific for HIV-1 gpl20 (the Yang et al. reference cited by the Examiner) to HIV-1 
infected target cells, one of skill in the art would conclude from the teaching of the instant 
specification that using a targeting cell approach with an immunotoxin containing an appropriate 
non-antibody targeting domain (e.g., CD4) would be likely also be effective at controlling HIV-1 
infection. 

Importantly with respect to HIV-1 disease, a recent ex vivo study has shown that an 
immunotoxin containing a target cell-specific antibody (specific for the CD45RO molecule) as 
the targeting domain was successful at reducing the numbers of both latently and productively 
infected CD4+ T cells (Saavedra-Lozano et al., J. Infect. Dis. 185:306-314, 2002; copy enclosed 
as Exhibit D). Given the teaching of the specification, an artisan in the field would conclude that 
the use of non-antibody targeting domains (e.g., CD4 or a fragment of CD4 that binds to 
CD45RO) would be no less effective than the antibody targeting domain employed by Saavedra- 
Lozano et al. In addition, using a targeting cell approach would obviate to a large extent the 
toxic side effects of immunotoxin therapy noted in Saavedra-Lozano et al. (e.g., at page 312, 
column 1, paragraph 3). 

If the Examiner so wishes, Applicants will supply her with copies any of a large number 
of references written by experts in the field expressing a high level of optimism for conventional 
immunotoxin treatment of a wide range of pathogenic cell diseases, e.g., those described herein 
as well as rejection of allogeneic and xenogeneic organ grafts. As pointed out above, 
approaches using targeting cells producing analagous immunotoxins would likely also be 
effective and certainly less systemically toxic than the conventional approaches. 

In light of the comments in the Amendment and Response filed February 14, 2002, and 
the remarks above, Applicants respectfully submit that practicing the invention would not require 
more than routine experimentation by one of skill in the art and thus request withdrawal of the 
rejection under 35 U.S.C. §112, first paragraph, for lack of enablement. 

Attached is a marked-up version of the changes being made by the current amendment. 
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CONCLUSION 

In summary, for the reasons set forth above, Applicants maintain that all of the pending 
claims patentably define the invention. Applicants request that the Examiner reconsider the 
rejections as set forth in the Office Action and permit the pending claims to pass to allowance. 

If the Examiner would like to discuss any of the issues raised in the Office Action, 
Applicants' undersigned representative can be reached at the telephone number listed below. 

No charges are seen to be due. Please apply any charges or credits to Deposit Account 
No. 06-1050. 

Respectfully submitted, 



Date: 




Stuart Macphail, Ph.D 
Reg. No. 44,217 




Fish & Richardson P.C. 
45 Rockefeller Plaza, Suite 2800 
New York, New YorklOl 1 1 
Telephone: (212) 765-5070 
Facsimile: (212)258-2291 
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Version with markings to show changes made 

In the claims: 

Claims 17 and 19 have been amended as follows: 

17. (Amended) The targeting cell of claim 1, wherein said toxic molecule is diphtheria toxin 
(DT) or a functional fragment of DT . 

19. (Amended) The targeting cell of claim 1, wherein said toxic molecule is : (i) a polypeptide 
selected from the group consisting of ricin, Pseudomonas exotoxin (PE), bryodin, gelonin, a- 
sarcin, aspergillin, restrictocin, angiogenin, Pseudomonas exotoxin, saporin, abrin, and 
pokeweed antiviral protein (PAP) , or (ii) a functional fragment of the polypeptide of (i) . 
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Objective. This pilot phase II, double-blind, 
placebo-controlled trial of 1 month duration, with a 
2-3-month open-label extension, evaluated the safety, 
tolerability, biologic effects, and efficacy of interleukin-2 
diphtheria fusion protein (DAB^IL^) in refractory 
rheumatoid arthritis (RA). 



Portions of this study have been published in abstract form 
as follows: Clinical Research 41:245A, 1993; Arthritis Rheum 36 
(suppl 5):R24, 1993; Arthritis Rheum 36 (suppl 9):S165, 1993; 
Arthritis Rheum 36 (suppl 9):S130, 1993; Arthritis Rheum 36 (suppl 
5):R31, 1993, and Arthritis Rheum 36 (suppl 9):S179, 1993 
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Methods. Forty-five RA patients were enrolled in 
the trial, and were randomized, after a 3-4-week disease- 
modifying antirheumatic drug washout, to receive a 
daily intravenous dose of either DAB^IL-2 or placebo 
(saline) for 5 days. A blinded, third-party observer 
evaluated arthritis activity. Clinical response was de- 
fined as >25% improvement in swollen and tender 
joints and >25% improvement in at least 2 of 6 addi- 
tional parameters. The double-blind phase was 4 weeks; 
placebo patients could cross over to receive open-label 
treatment for a maximum of 3 monthly DAB 486 IL-2 
cycles. 

Results. In the double-blind phase, 4 of 22 pa- 
tients (18%) in the treated group and none in the 
placebo group (P = 0.05) met the criteria for clinical 
response. During the open-label treatment phase, 11 of 
36 patients (31%) and 11 of 33 patients (33%) had a 
clinical response after completing 2 and 3 courses of 
1 DAB^IL-2,Tespectivety. Adverse events included tran- 
lienrfeveT/cRinTT 2 t5%), nausea/vomiting (50%), ele- 
vated (^3x normal) transaminases (55%), and in- 
creased joint pain (45%). Twelve patients (8 placebo, 4 
DAB435IL-2) did not complete 3 treatment cycles. No 
apparent differences were noted in CD4+ CD25+ cells 
of responders versus nonresponders, or of DAB^IL^ 
treated versus placebo-treated patients. 

Conclusion. Clinical responses were noted in 
patients treated with DAB^IL-2 (18%) compared with 
placebo (0%) in the double-blind phase. In the open- 
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label phase, 33% of patients completing 3 monthly 
DAB4g 6 IL-2 cycles had improvement in arthritis activ- 
ity. Further studies of IL-2 diphtheria fusion proteins 
are warranted to elucidate factors that may predict 
clinical response and define mechanism(s) of action. 

Although the etiology of rheumatoid arthritis 
(RA) is unknown (1,2), there is evidence that activated 
T lymphocytes play an important role in the pathogen- 
esis of the disease. Evidence supporting an immuno- 
logic basis for RA includes 1) increased numbers of 
HLA-DR+ T cells in the peripheral blood of RA 
patients (3); 2) predominance of HLA-DR+ CD4+ T 
cells in the synovial mononuclear infiltrates of some 
RA patients (3,4); 3) evidence that certain major 
histocompatibility complex class II alleles are associ- 
ated with susceptibility to RA'(5-8); 4) improvement in 
preexisting RA in some patients who develop acquired 
immunodeficiency syndrome (9); and 5) improvement 
in some patients with refractory RA following total 
lymphoid irradiation (10), thoracic duct drainage (11), 
and treatment with cyclosporine (12). 

Expression of cell-surface, high-affinity IL-2 
receptors (IL-2R) characteristically accompanies the 
activation of T lymphocytes, a B cell subset, and 
monocytes (13-18). The limited distribution of IL-2R 
renders it an attractive target for treatment of auto- 
immune diseases in which activated lymphocytes are 
considered to play an important role. Indeed, antibod- 
ies to the p55 chain of the IL-2R have been used 
successfully to modify outcome in murine models of 
autoimmune disease such as diabetes (18), lupus ne- 
phritis (18), and collagen-induced arthritis (19). These 
antibodies have also been used to prevent human renal 
allograft rejection or to treat steroid-resistant graft- 
versus-host disease (20). 

DAB 486 IL-2 is a recombinant fusion protein 
that is cytotoxic for cells that express heterodimeric, 
high-affinity IL-2R (21). It is produced in Escherichia 
coli by expression of a fusion gene that contains the 
nucleotide sequences for the enzymatically active 
fragment A of diphtheria toxin (DT) and the' membrane 
translocating portion of DT fragment B, together with 
the coding sequence for human IL-2 (Figure 1). At 
10 l0 M concentrations, DAB 486 IL-2 binds specifically 
to high-affinity IL-2R, and is rapidly internalized via 
receptor-mediated endocytosis (22,23), whereas 
higher concentrations (10" 9 to 10~ 8 A/) are required for 
intoxication of cells bearing intermediate affinity (p75) 
or single-chain, low-affinity (p55) IL-2 receptors (23). 
Once internalized into an acidic vesicle, the enzymat- 
ically active fragment A portion is released into the 
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Figure 1. Structure of interleukin-2 diphtheria fusion protein 
(DAB^IL^). The diphtheria toxin fragment A (adenosine diphos- 
pate [ADP]-ribosyltransferase activity) and fragment B (membrane 
translocating portion) consist of 486 amino acids, which are synthet- * 
ically fused with human IL-2 to form DAB^IL-2. S— S = disulfide 
bonds. 

cytosol, and inhibits protein synthesis via adenosine 
diphosphate-ribosylation of elongation factor 2, re- 
sulting in cell death. DAB 486 IL-2 is cytotoxic in vitro 
for IL-2R+-expressing human and murine tumor 
cells, and for phytohemagglutinin-stimulated human 
peripheral blood mononuclear cells (24-27). In rat 
adjuvant arthritis (a T cell-mediated animal model 
of RA), treatment of established arthritis with 
DAB 486 IL-2 prevented chronic inflammation and bony 
erosions (28). DAB 486 IL-2 also has been shown to 
suppress murine delayed hypersensitivity responses 
and rodent transplant rejection (29,30). 

In an open-label, phase I, dose-escalation study 
in patients with active RA that was refractory to 
methotrexate treatment, DAB 486 IL-2 administration 
for I or more courses (0.07-0.1 mg/kg/day for 5-7 
days) was associated with at least 25% (and often more 
than 50%) improvement, using the modified Paulus 
criteria, in about half of the patients (31). Side effects, 
which were transient and generally well tolerated, 
included nausea, transaminase elevation, fever/flu-like 
symptoms, and hypersensitivity, including rash and 
chest tightness. 

The objectives of this protocol were to assess 
the safety, biologic effects, and efficacy of DAB 486 IL-2 
in a phase II, double-blind, placebo-controlled trial in 
patients with active refractory RA. 
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PATIENTS AND METHODS 

Patients. Forty-five patients (ages 17-74) with RA 
that met the 1987 revised criteria of the American College of 
Rheumatology (formerly, the American Rheumatism Asso- 
ciation) (32) were enrolled. The study was approved by the 
Institutional Review Boards of The University of Alabama at 
Birmingham (UAB) and Beth Israel Hospital. At the time of 
screening evaluation, all study participants exhibited active 
RA, as defined by the presence of: ^9 painful/tender joints, 
>6 swollen joints, and either >45 minutes of morning 
stiffness or an erythrocyte sedimentation rate (ESR) (West- 
ergren method) >28 mm/hour. In addition, all patients were 
without active infection and satisfied the following labora- 
tory screening requirements: negative serum antibody test 
result for human immunodeficiency virus, serum creatinine 
<1.8 mg/dl, seronegative for hepatitis B antigen, and normal 
liver enzyme levels. HLA-DR tissue typing was obtained on 
all patients, using standard methods (7). 

Patients were required to have failed at ieasi 2 
disease-modifying antirheumatic drug (DMARD) treat- 
ments. Concomitant treatment with stable doses (>1 month) 
of a nonsteroidal antiinflammatory drug (NSAID) and/or 
low-dose prednisone (<10 mg/day) was allowed. Patients 
were allowed to receive narcotic-containing analgesics dur- 
ing the DMARD washout period and throughout the study. 
In addition, patients were classified in either Steinbrocker 
functional class II or III, and Steinbrocker radiographic 
progression stage I, II, or III (33). Women who were 
pregnant or lactating were excluded, and those of childbear- 
ing potential were required to use an effective birth control 
method. A serum /3-human chorionic gonadotropin test was 
performed at initial screening on all female patients of 
childbearing potential. 

Protocol design. Following a 3^-week run-in with 
DMARD washout, a second evaluation was performed to 
confirm eligibility and to establish baseline disease para- 
meters. Efforts were made to assure that baseline arthritis 
activity parameters were stable prior to the treatment phase. 
If the arthritis parameters fluctuated more than 40% from the 
entry evaluation after the washout period, the patient was 
reevaluated 1 week later for level of arthritis activity; the 
patient qualified for randomization if the subsequent disease 
activity parameters had changed <20% from the baseline 
assessment. 

At baseline, all qualified patients were randomized 
(Figure 2) using an adaptive randomization scheme stratified 
by age (<50 versus >50 years) and sex, with sealed, coded 
envelopes held by the pharmacist at each site. The treatment 
(DAB 486 IL-2 [0.075 mg/kg/day] or normal saline) was admin- 
istered intravenously on days 1-5 on an outpatient basis in 
the General Clinical Research Center (GCRC) of each institu- 
tion. The active agent was prepared in sterile, preservative- 
free, normal saline, and both active agent and indistinguishable 
placebo were administered daily as a 60-minute intravenous 
infusion. 

Following the placebo-controlled phase, neither the 
physicians nor patients were informed of the treatment arm 
to which the patient was assigned for the first cycle. Patients 
not experiencing a "response" to placebo or dose-limiting 
adverse events were eligible to receive a total of 3 courses of 
DAB 486 IL-2 at 4-week intervals. 
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Figure 2. Overview of the design of the double-blind, placebo- 
controlled trial with interleukin-2 diphtheria fusion protein (DAB 486 
1L-2). If patients were receiving a disease-modifying antirheumatic 
drug (DMARD), this was discontinued 3 weeks before administra- 
tion of DAB 486 IL-2 or placebo. After randomization, patients re- 
ceived 1 infusion per day of DAB 486 lL-2 (0.075 mg/kg/day) or 
placebo (saline) for 5 days. At day 28, patients were evaluated by a 
third-party, blinded observer for clinical efficacy; all patients were 
allowed to receive a total of 3 monthly courses of DAB 486 IL-2, and 
arthritis activity assessment was performed after each course (*). 
The number of patients who received treatment at various phases of 
the study is listed in parentheses. 

Laboratory tests. Serum chemistry studies, complete 
blood cell count, and platelet count were obtained at entry, 
baseline, before agent administration on day 1 and day 5, and 
weekly thereafter. Samples of peripheral blood were ob- 
tained for fluorescence-activated cell sorter (FACS) analysis 
of lymphocyte subsets (34) at entry, baseline, and on days 1 
and 5 of each course, with a final analysis performed at 
completion of the third course. In a subset of patients (n = 
22) enrolled at UAB, serum levels of IgM, IgG, IgA, IgM 
rheumatoid factor (IgMRF), and IgA-RF were measured by 
enzyme-linked immunosorbent assay (ELISA) (35) at base- 
line, and at 4 weeks following either placebo or DAB 486 IL-2 
treatment. Levels of serum IgG-RF were determined by 
ELISA following high performance liquid chromatography 
separation of the IgG fraction, as previously described (36). 

Arthritis evaluation. Arthritis activity assessments 
were performed by the same blinded, trained assessor (1 at 
each GCRC) at screening, baseline, and at 4 weeks after the 
agent administration. The arthritis activity assessments in- 
cluded determination of the number of swollen (66 maxi- 
mum) and painful (68 maximum) joints, duration of morning 
stiffness, grip strength (mean of 3 repetitions using a hand 
dynamometer), time interval to walk 50 feet, and patient and 
observer global assessments (1 = very good, 2 = good, 3 = 
fair, 4 = poor, 5 = very poor). The blinded observers at each 
GCRC performed arthritis activity assessments, but did not 
participate in any other aspect of the trial. Prior to initiation 
of the study, the blinded assessors from both institutions met 
in a 1-day training session to examine the same panel of 
patients and reach a consensus on joint scoring. 

A clinically meaningful response was defined accord- 
ing to a modified Paulus approach (37), requiring that the 
following criteria be met: >25% improvement (from base- 
line) in number of painful and swollen joints and at least 2 of 
the following 6 criteria: >25% improvement in walk time, 
grip strength, duration of morning stiffness, ESR, and im- 
provement either by 2 integers or from grade 2 to 1 in the 
patient and/or blinded observer assessments. 
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Table 1. Demographic and clinical characteristics of 45 rheuma- 
toid arthritis (RA) patients enrolled in the study of interleukin-2 
diphtheria fusion p rotein (DAB 486 IL-2) treatment 

Treatment group 



Characteristics 


Placebo 
(n = 23) 


DAB^IL^ 
(n = 22) 


Age (years) 






Mean ± SD 


50 ± 12 


52 ± 14 


Range 


24-67 


17-74 


Ratio of men to women 


8:15 


6:16 


Disease duration (years) 




Mean ± SD 


9 ± 6 


10 ± 7 


Range 


2-23 


2-26 


Mean no. of prior therapies* 


4.5 


4.7 


No. of patients receiving 


I9t 


lit 


prednisone (<10.0 mg/day) 




Mean prednisone dose (mg/day) 


8.1 


6.1 


No. of patients receiving 


18 


17 


NSAIDs* 





* i nerapies are listed in Table 2. 
t P = 0.05. 

X NSAIDs = nonsteroidal antiinflammatory drugs. 

Preparation of DAB^IL-2. DAB 486 IL-2 was sup- 
plied as a sterile frozen (<- 15°C) solution formulated in Tris 
buffered saline. Trace amounts of horse IgG, protamine 
sulfate, and E coli proteins may have been present in the 
final formulation as process residuals. 

Immune response to DAB^IL-2 and IL-2. Levels of 
antibody to DT, IL-2, DAB 486 IL-2, horse IgG, and E coli 
were assessed at baseline and at 4 weeks posttreatment, 
according to methods previously described (27). The anti- 
body titer was determined as the highest dilution of serum 
that produced an absorbance at 405 nm of >0.1 when 
analyzed with an automated plate reader. 

Immunophenotypic analysis of peripheral blood lym- 
phocytes. Immunophenotyping of patient samples was per- 
formed by the whole blood lysis method, as previously 
described (34). IL-2R was determined on both CD4 and CD8 
subsets of T cells using phycoerythrin-conjugated, anti-IL-R 
monoclonal antibody (Becton Dickinson, Mountain View, 
CA). Conjugate, isotype-control monoclonal antibodies 
were used to establish the marker placement to determine 
CD25+ cells. 

Serum soluble IL-2R. Soluble IL-2R (sIL-2R) levels 
were determined using methods previously described (27). 
The concentration of sIL-2R in each sample was determined 
from the standard curve. The lower limit of detection of 
sIL-2R was 20 pM . 

Statistical analysis. Patient demographic information 
is presented by initial treatment group. Descriptive statistics 
are provided in the form of means, standard deviations, and 
ranges for all continuous variables, and frequencies and 
percentages for all categorical variables. Inferential statistics 
are provided as well; 2-sample /-tests were used to compare 
treatment groups with respect to age, sex, disease duration, 
number of prior DMARD therapies, prednisone use, immu- 
noglobulin and RF levels, and to ensure comparability of 
investigational sites with respect to all baseline demographic 
variables. 

Data on adverse events are presented by initial 
treatment group for the blinded phase of the study, and by 
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active course number for the subsequent open-label phase 
Fisher's exact test was used to compare treatment grouns 
with respect to the incidence of individual adverse events 

Response data are summarized by initial treatment 
group and course number with means and standard devia- 
tions. Repeated-measures analyses were used to compare 
the 2 treatment groups with respect to the changes in mean 
response levels from baseline to post-course 1 (blinded- 
treatment phase) and, additionally, with respect to the 
changes in mean levels of response from baseline through all 
active courses of the study drug (open-label phase). V? 

FACS data were analyzed using a repeated-measures 5 
design to test for differences between treatment groups in the 
percentage of lymphocytes expressing various cell-surface 
markers over time. This analysis method permitted the 
testing of a time effect for each lymphocyte subpopulation 
as well as an interaction effect between time and treatment J 
group. ^ 



RESULTS 

Demographic and clinical characteristics. The 

demographic and clinical characteristics of the 45 RA 
patients enrolled in this study are presented in Table 1. 
There were no significant differences between the 
treatment groups with regard to age, sex, disease 
duration, or number of prior DMARDs. Nineteen 
placebo patients (83%) were receiving prednisone 
(mean 8.1 mg/day) at entry, compared with 11 
DAB 486 IL-2-treated patients (52%) (mean 6.1 mg/ 
day). The difference between the treatment groups in 
use of prednisone was statistically significant (P = 
0.05). All patients had been treated unsuccessfully 
with at least 2 DMARDs, and the mean number of 
prior treatments was 4.5. All placebo patients and 95% 
of the DAB48 6 IL-2 patients had received methotrexate 
prior to study enrollment. The DMARDs that were 
discontinued during the 3-week run-in period are sum- . 
marized in Table 2. Eighteen patients in the placebo 

Table 2. Disease-modifying antirheumatic drugs (DMARDs) dis- 
continued at screening visit in 45 RA patients enrolled in the studv 
of DAB 48fi IL-2* 



Mi 



1 



DMARD 



Methotrexate 

Methotrexate, azathioprine 
Methotrexate, sulfasalazine, 

hydroxychloroquine 
Methotrexate, D-penicillamine, 

hydroxychloroquine 
Gold salts (parenteral) 
Hydroxychloroquine 
Sulfasalazine 
Azathioprine 

Azathioprine, hydroxychloroquine 
None 



Treatment group 


Placebo, 


DAB 486 IL-2, 


no. (%) 


no. (%) 


8(35) 


5(23) 


0(0) 


1 (5) 


1 (4) 


0(0) 


0(0) 


1 (5) 


1 (4) 


0(0) 


0(0) 


2(9) 


1 (5) 


0(0) 


2(9) 


1 (5) 


2(9) 


0(0) 


8(35) 


12 (55) 



f 
1 



* See Table 1 for other definitions. 
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Table 3. Clinical responses in RA patients after completing up to 3 courses of DAB 486 IL-2 
treatment* 







Responders 


Responders 






No. of patients 


randomized 


randomized 


Total no. (%) of 


DAB 486 lL-2 


completing the 


initially to 


initially to 


responders after 


course 


course 


DAB 486 IL-2 armt 


placebo armt 


receiving DAB 486 IL-2t 


First 


42 


4 


3 


7(17) 


Second 


36 


7 


4 


11 (31) 


Third 


33 


6 


5 


1 1 (33) 



* See Table 1 for definitions. 

t See Patients and Methods for definition of clinical response. 



group and 17 in the DAB 486 IL-2-treated group contin- 
ued to receive NSAIDs throughout the study. 

Clinical effect of DAB^IL-l. Blinded control 
phase. The mean ± SD number of tender and swollen 
joints at baseline was 28.3 ± 13.2 and 23.0 ± 14.8 in 
the placebo group, and 34.0 ± 15.3 and 26.4 ± 17.3 in 
the DAB 486 lL-2 group, respectively. Based on the 
'/esponse criteria used in this study, 4 of 22 treated 
patients (18%) and none of the placebo patients (0 of 
23) responded at 4 weeks after the first course (P = 
0.05). A total of 7 of 42 patients (17%) (including those 
who initially received placebo and later open-label 
DAB4s 6 IL-2) met response criteria after completing 1 
course of DAB 486 IL-2. Both blinded observer and 
patient global assessments (data not shown) were 
statistically significant (P = 0.002 and P = 0.0001, 
•^spectively) for DAB 486 IL-2 compared with placebo. 
Wo significant changes in ESR were observed over 
time. As illustrated in Figure 2, 1 placebo patient and 
3 DAB^IL^-treated patients did not enter the open- 
label phase (see below for reasons for withdrawal). 

Open-label phase. In the open-label treatment 
phase, 11 of 36 patients (31%) and 11 of 33 patients 
(33%) responded after completing 2 and 3 courses of 
DAB^IL-2, respectively (Table 3). The 11 patients 
exhibiting clinical improvement ("responders") showed 
^60% improvement in the number of swollen and pain- 
ful joints, morning stiffness, and grip strength. HLA-DR 
typing revealed 7 of 11 responders and 15 of 33 non- 
responders to have a DR allele reported to be associated 
with more severe disease (0401, 0404, 0405) (38). 

Safety of DAB^IL-2. The adverse events re- 
corded during the study period are summarized in 
Tables 4 and 5. Side effects that typically occurred on 
the first day of DAB 486 IL-2 treatment included chills/ 
rever (45%), nausea (50%), and increased joint pain 
(45%). In the blinded phase, there was a statistically 
significant increase in the incidence of chills/fever 
and nausea in the patients treated with DAB 486 IL-2 
compared with those treated with placebo. These 
symptoms were usually self-limited and responded to 



treatment with acetaminophen, H 2 antagonists, and 
prochlorperazine. High fever led to hospitalization and 
treatment with intravenous methylprednisolone during 
the second infusion in a 73-year-old woman. Serum 
glutamic oxaloacetic transaminase and glutamic pyru- 
vate transaminase elevations (<3x upper limits of 
normal) occurred in 55% of the DAB 486 IL-2-treated 
patients during the blinded course and returned to 
normal within 3 weeks. The difference in the incidence 
of transaminase elevations between the group of pa- 
tients treated with DAB^IL-2 and the group treated 
with placebo was statistically significant. In the 
open-label phase, second and third courses with 
DAB 486 IL-2 were associated with less frequent 
transaminase elevations (Table 5). There were no 
clinically significant changes noted in renal function or 
hematologic parameters during the entire study. 

Twelve of the 45 patients withdrew from the 
study. Figure 2 shows the number of patients who 
started each treatment phase of the study. Three 
patients withdrew from the study secondary to ad- 
Table 4. Adverse events reported in RA patients during double- 
blind phase of the study (up to 4 weeks after receiving D AB^IL^ 
treatment)* 



Treatment group 





Placebo 


DABWL-2 


Adverse event 


(n = 23) 


(n = 22) 


Elevated transaminase 


0 


12t 


(s3x normal) 




lit 


Nausea/vomiting 


3 


Increased joint pain 


9 


10 


Chills/fever 


3 


lOt 


General weakness 


3 


4 


Paresthesias 


4 


3 


Headache 


4 


3 


Diarrhea 


2 


3 


Thrombocytosis 


2 


6 


(>450,000/mm 3 ) 






Anorexia 


0 


3 


Dizziness 


2 


2 



* See Table 1 for definitions, 
t P < 0.05 versus placebo. 
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Table 5. Adverse events reported in RA patients during entire 
study (up to 4 weeks after receiving last treatment with 
DAB 486 IL-2)* 





First 


Second 


Third 




course 


f*t\t i rep 


course 


Adverse event 


(n = 44) T 


(n — 5o)\ 


(n - 


FlpvntpH transaminase 

LrflW VuWU 11 Ull JUlillllUJv 


23 


4 


1 


(<3x normal) 






10 


Nausea/vomiting 


18 


16 


Increased joint pain 


21 


16 


13 


Chills/fever 


14 


20 


13 


Headache 


4 


6 


4 


General weakness 


8 


3 


2 


Dizziness 


4 


5 


0 


Paresthesias 


6 


7 


7 


Diarrhea 


4 


3 


4 


Anorexia 


6 


5 


2 


Back pain (hypersensitivity 


0 


0 


1 


reaction) 


/O 


1 


0 


Hypotension 



* See Table 1 for definitions. 

t Numbers reflect patients who started a course. 



verse events. One withdrew after requiring hospital- 
ization for symptomatic hypotension (blood pressure 
of 60/40 mm Hg), which occurred 30 minutes after 
receiving the second course of DAB 486 IL-2 and re- 
sponded to intravenous fluids. A second patient with- 
drew because of back pain experienced during infusion 
with DAB 486 IL-2 (third DAB 486 IL-2 course), which 
responded to intravenous diphenylhydramine hydro- 
chloride and was believed to be a hypersensitivity 
reaction. A third patient, a 66-year-old woman, de- 
veloped a fatal myocardial infarction 7 days after 
receiving the first course of DAB 486 IL-2. She had no 
previous history of heart disease; however, she had 
multiple risk factors for coronary atherosclerosis, in- 
cluding hypertension, family history of myocardial 
infarction, hyperlipidemia, glucose intolerance, and 
history of smoking. An autopsy was not performed. 

Six subjects withdrew because of lack of effi- 
cacy or increased joint pain (3 initially randomized 
to the placebo group and 3 randomized to the 
DAB 486 IL-2 group). One patient withdrew because of 
severe worsening of joint pain and the occurrence of 
abdominal pain during treatment with DAB 486 IL-2 
(first course). 

Eight patients initially randomized to the pla- 
cebo group dropped out at various time points; 1 
patient withdrew during the blinded phase, 3 patients 
withdrew following the first DAB 486 IL-2 course (2 
prior to the week-4 assessment), 2 patients withdrew 
after receiving the second DAB 486 IL-2 course (1 prior 
to the week-4 assessment), and 2 patients withdrew 
prior to the week-4 assessment after the third 



DAB 4g6 IL-2 course. The reasons for withdrawal in-. 
eluded lack of improvement (3 patients), adverse ex- x 
periences (3 patients), lost to followup (1 patient), and 
1 patient self-withdrawal. 

No serious infections occurred during the, 
study. The infections that did occur were considered 
to be mild and not likely related to the study drug; : 
these included urinary tract infections, herpes labialis, '% 




Figure 3. A, Percentage (mean ± SEM) of CD4+CD25+ lympho- 
cytes in the interleukin-2 diphtheria fusion protein (DAB 486 IL-2)- 
treated (■) versus placebo (•) groups during the double-blind 
portion of the study. B, Percentage (mean ± SEM) of CD4-f- T ceils 
positive for CD25 (IL-2 receptor) at baseline and during treat- 
ment phases in those patients who were nonresponders (•) and 
responders (■) to DAB 486 IL-2 treatment, according to the 25% 
Paulus criteria (see text for description). Crs = course; D = 
posttreatment day. 
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Figure 4. Percentage pi patients with pretreatment and posttreatment antibodies to diphtheria toxin and 
IL-2. Open bars = rank < I- J (titer s 1 :5); shaded bars = rank 2-3 (titer i :25— I : i 25) ; checked bars = rank 4-5 
(titer 1:625-1:3,125); black bars = rank >6 (titer ^1:15,625) (see Patients and Methods for determination of 
antibody levels and Results for definitions of rank titers). Anti-DAB486IL-2 = anti-interleukin-2 diphtheria 
fusion protein. 



vaginal yeast infection, upper respiratory infection, 
and tinea corporis. 

Laboratory studies* Lymphocyte surface mark- 
ers. No significant differences were observed between 
the active drug- and placebo-treated patients during 
the double-blind period, either in the percentage (or 
absolute numbers) of lymphocytes expressing CD4 or 
CD8, or in the percentage coexpressing CD8 and 
VD25, or CD4 and CD25 (Figure 3A). No apparent 
differences were observed in CD25+ CD4+ lympho- 
cytes in the responders when compared with nonre- 
sponders (Figure 3B). Although the placebo patients 
had a higher mean percentage of lymphocytes express- 
ing CD25 over all time points compared with the active 
treatment group, this difference was not statistically 
significant (Figure 3A). 

Soluble IL-2R levels. All placebo patients and 
o% of patients randomized to initially receive 
DAB 486 IL-2 exhibited slightly elevated (>50 pM) 
sIL-2R levels at entry. This difference was not statis- 
tically significant. No apparent changes from baseline 
were noted in either the placebo or DAB 486 IL-2 groups 
at the end of the blinded phase or after subsequent 
courses with DAB 486 IL-2 (data not shown). The level 
of slL-2R did not correlate at any time with disease 
activity, as measured by swollen and painful/tender 
oint counts. 

Antibody response to DT, IL-2, and E coll. 
Figure 4 depicts the levels of antibodies to DT and 
IL-2, pre-study and post-study. Rank titers are defined 
as <1 (not significant), 2-3 (low titer), 4-5 (moderate 



titer), and >6 (high titer). Anti-IL-2 antibodies mea- 
sured pretreatment included titers of <1:5 in 52% of 
patients, 1:5 in 32%, and 1:25 in the remaining 16% of 
patients. At the end of the study, anti-IL-2 antibody 
titers generally increased, as indicated by the fact that 
76% of patients had titers between 1:25 and 1:625. 

At pre-study, anti-DT antibodies were present 
in the following titers: 7% of patients had titers <1:5, 
32% had a level of 1:5, and the remaining 61% had 
titers of 1:25 to 1:625. At the end of the study, the 
levels of anti-DT antibodies were much higher: 9% of 
patients had titers of 1:3,125, and the remaining 91% 
»had titers >1: 15,625. Serum antibodies to DT and IL-2 
reached their highest levels after the first treatment 
and did not increase with the second and third 
DAB 486 IL-2 treatments. Antibody titers did not pre- 
dict hypersensitivity reactions. 

The possibility that the presence of anti-DT 
antibodies might influence responses to DAB 486 IL-2 
was also examined. In this regard, 1 1 of 15 responders 
(73%) had anti-DT titers >I:25 at study entry. These 
levels were similar to the 61% prevalence of titers 
>1:25 in the entire study group at entry. 

Most patients (95%) had significant levels of 
antibody to Ecoli pre-study; however, only 2 patients 
exhibited a significant (>2 ranks) increase in titer after 
DAB 486 IL-2 administration. 

Immunoglobulin and rheumatoid factor levels. 
In 22 patients studied at UAB, levels of IgM, IgM-RF, 
and IgA increased significantly after 4 weeks in pla- 
cebo patients compared with baseline values, whereas 
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no significant changes were noted in the DAB^IL-2- 
treated group (data not shown). No differences were 
observed in either group in IgG, IgG-RF, and IgA-RF 
levels over time. 

DISCUSSION 

We report a pilot phase II trial using a recom- 
binant IL-2R-specific cytotoxin (DAB 486 IL-2) for the 
treatment of refractory RA. The refractory nature of 
disease in these patients is exemplified by the fact that 
most had failed 4 or more DMARD treatments, and all 
but 2 patients had failed treatment with methotrexate. 
These patients had longstanding disease (mean dura- 
tion 9 and 10 years in the 2 treatment groups), which 
may be the least likely to respond to agents directed 
against activated lymphocytes (2). 

During the placebo-controlled period, 18% of 
patients in the DAB 486 IL-2 group, but no patients in 
the placebo group, exhibited significant clinical im- 
provement based on a response definition requiring 
>25% improvement in multiple disease activity para- 
meters. Of the 33 patients who completed 3 courses of 
DAB 486 IL-2, 33% met clinical response criteria. This 
result reflects 24% of the original study participants. 
The response rates observed in this study compare 
favorably with those reported in the phase I study 
using DAB 486 IL-2 (31). We chose a conservative, 
mid-dose level for this trial due to the maximally 
tolerated doses noted in the phase I trial (31). Retro- 
spective analysis of HLA-DR typing did not identify 
patients likely to respond, as there was no dispropor- 
tionate distribution of DR types associated with more 
aggressive disease in the nonresponder group (38). 
Further studies are needed to fully assess the signifi- 
cance of the reported DR types associated with severe 
RA. Recently reported data from another large clinical 
trial also failed to detect an association between the 
1 'rheumatoid' 1 epitope copy-number and disease se- 
verity (39). 

The study design, with a 3-4-week DMARD 
washout and unchanged NSAID and prednisone 
doses, was intended to establish a reasonably stable 
level of arthritis activity before initiating treatment. 
When DMARDs are discontinued in experimental 
treatment trials, a concern arises as to whether the 
DMARD antiarthritic effect has been completely re- 
moved with a short washout (as with hydroxychloro- 
quine or gold salts), and whether a significant arthritis 
flare. will occur when shorter-acting DMARDs (e.g., 
methotrexate) are discontinued. To minimize this lat- 
ter concern, we included strict criteria for baseline 



arthritis variability, specifically the 40% maximum 
permitted fluctuation in arthritis parameters over the 
3- week washout period. We have also evaluated the 
time to flare in RA patients withdrawing from metho- 
trexate therapy in this and 2 other DAB 486 IL-2 trials, 
and did not confirm a significantly greater increase in 
arthritis activity after a 3-4-week washout when dis- 
continuing the methotrexate compared with 'ionger- 
acting" DMARDs (40). In these patients, a >20% 
increase in swollen joint counts occurred in 37% of 
patients receiving methotrexate, whereas 45% of pa- 
tients being treated with other DMARDs had similar 
increases in joint swelling after 4 weeks of DMARD 
washout (40). 

The use of blinded third-party evaluators and 
the above-mentioned efforts to assure stable levels of 
disease activity prior to treatment are 2 significant 
strengths of this placebo-controlled trial. In addition, 
efforts were made to minimize the need for unblinding 
due to the occurrence of fever and other side effects, 
by administration of acetaminophen, 650 mg every 6 
hours during the first treatment week. Nevertheless, 
those persons receiving DAB 486 IL-2 treatment had a 
higher incidence of fever and chills compared with the 
placebo group (Table 4), and these events could have 
potentially unblinded patients to their initial treatment. 

Previous in vitro and in vivo studies have 
suggested that DAB 486 IL-2 preferentially targets acti- 
vated (IL-2R+) lymphocytes (24-30). To address 
whether this might be the mechanism of action of 
DAB 486 IL-2 in RA, several biologic parameters were 
evaluated, including immunophenotypic analysis of 
peripheral blood lymphocytes by FACS, serial mea- 
surement of serum sIL-2R levels, and assessment of in 
vivo expression of immunoglobulin and RF isotypes. 

As determined by FACS analysis, there was no 
statistically significant difference between the placebo 
and DAB 486 IL-2 groups with regard to percentage 
(Figure 3A) or absolute numbers of lymphocytes ex- 
pressing CD25 and CD4 at the end of the blinded 
phase. Furthermore, no apparent differences were 
observed in CD25+ CD4+ lymphocytes in the re- 
sponders when compared with nonresponders. We 
speculated that a subpopulation of high-density IL- 
2R+ cells might be preferentially targeted by the 
fusion protein. Nevertheless, no apparent differences 
were observed in the frequency of high-density 
CD25+ lymphocytes (CD4+ or CD8+) in DAB 4g6 IL- 
2- or placebo-treated patients, or in responders com- 
pared with nonresponders. Although we were not able 
to detect statistically significant changes in CD25 + 
cells, this may relate to the insensitivity of the labora- 
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tory evaluation to detect transient small changes, the 
small number of patients assessed, the existence of a 

population of CD25 + cells preferentially targeted 
by treatment with DAB 486 IL-2, or effects locally 
present in the joints that were not detected in the 
circulating lymphocyte population. Furthermore, 
there was no significant difference in serum sIL-2R 
levels between placebo- and DAB 486 IL-2-treated pa- 
tients at study entry. It is conceivable that the clinical 
effects of DAB4g 6 IL-2 fusion protein derive from IL- 
2?-independent mechanisms. 

Although one DAB 486 IL-2 treatment course did 
not result in decreased immunoglobulin or RF levels 
over a 4-week period, increases in IgM-RF, IgM, and 
IgA were observed in the control group. Parallel 
observations demonstrated that DAB 486 IL-2 treatment 
resulted in decreased in vitro production of IgM and 
IgM-RF by peripheral blood B lymphocytes compared 
with placebo controls; this raises the possibility that 
r> \B 486 IL-2 may diminish B cell function either di- 
, . Aly or indirectly through effects on T helper cell 
function (41). 

Symptomatic toxicities in this trial were com- 
mon; nausea/emesis and fever occurred in approxi- 
mately half of the patients initially treated with 
DAB 486 IL-2. The gastrointestinal side effects and 
fever/chills were transient and usually resolved within 
hours; however, some patients required intravenous 
" :dications or fluid administration. The only signifi- 
. -a laboratory abnormalities were transaminase ele- 
vations; these were transient and returned to pre- 
treatment levels within 2-4 weeks. No cumulative or 
persistent liver enzyme abnormalities were noted, and 
transaminases were less likely to rise with repeat 
courses. The side effect profile seen in this trial is 
similar to that noted in the phase I trial (31). Three 
patients withdrew from the study for significant ad- 

■^e events, which included hypotension, hypersen- 
...ivity reaction, and increased joint pain. No oppor- 
tunistic infections occurred. 

A potential concern with using this agent would 
be the development of neutralizing antibodies to IL-2. 
All patients developed anti-DT antibodies after receiv- 
ing 3 monthly courses of DAB 486 IL-2, and only 1 
patient developed symptoms suggestive of a hypersen- 
sitivity reaction. There was no correlation between the 

^ence of anti-DT antibodies before treatment with 

vB 486 IL-2 and subsequent development of elevated 
hepatic transaminase levels. Most importantly, there 
was no association between pretreatment or posttreat- 
ment anti-DT antibodies and clinical response to 
DAB 486 IL-2. It is likely that antibodies to DT do not 
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impair the target cell cytotoxicity, since anti-DT anti- 
bodies bind to the DT portion without affecting the 
binding of the human IL-2R ligand of DAB 486 IL-2. 
Indeed, in the adjuvant arthritis model, rats pre- 
immunized with DT developed antibodies to DT, but 
these antibodies did not alter the therapeutic efficacy 
ofDAB 486 IL-2 (28). 

In conclusion, this double-blind, placebo- 
controlled study demonstrates that some patients with 
refractory RA experience clinical improvement after 
receiving 1 or more 5-day courses of DAB 486 IL-2. 
Although these patients required monitoring for poten- 
tial infusion-related symptoms, symptoms were re- 
lieved by medication, and all adverse events were 
reversible. Further studies are needed to characterize 
which patients may respond to DAB 486 IL-2, and to 
elucidate the precise mechanism(s) of action. 
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A multicenter dose-escalation trial with 
denileukin diftitox (ONTAK, DAB 389 IL-2) in 
patients with severe psoriasis 

Ann Martin, MD, a Elsa Gutierrez, MD, a Jennie Muglia, MD, b Charles J. McDonald, MD, b 
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Background: Denileukin diftitox, a fusion protein targeting both malignant and normal activated 
lymphocytes, has been shown previously to have antipsoriatic activity However, the ideal dosing regimen 
for treating psoriasis was' not established. 

Objective: We examined the safety and efficacy of denileukin diftitox in patients with severe plaque-type 
psoriasis. 

Methods: This was a cohort dose-escalation trial. Patients were administered denileukin diftitox on 3 
consecutive days every other week. Patients were evaluated for toxicity, improvement in psoriasis, 
immunogenieity, and serum levels. 

Results: Thirty-five patients were treated at 3 dose levels. Eight patients had a 50% decrease or more in 
Psoriasis Area and Severity Index score from baseline (0/10 at 0.5 Hg/kg per day, 1/10 at 1.5 jig/kg per day 
and 7/15 at 5 pg/kg per day). Adverse events primarily consisted of constitutional events and skin reactions. 

Conclusions: The potential antipsoriatic activity of denileukin diftitox demonstrated in this study was 
comparable to that observed in other psoriasis studies with this agent. However, this dosing regimen was 
better tolerated than the dosing regimen used in the last study with denileukin diftitox in psoriasis patients. 
0 Am Acad Dermatol 2001;45:871-81.) 



Psoriasis is characterized by accelerated prolif- 
eration and abnormal differentiation of epi- 
dermal keratinocytes with polymorphonu- 
clear leukocytes, activated lymphocytes, and other 
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chronic inflammatory cells within the affected der- 
mis and epidermis. 1 Prevention of aberrant ker- 
atinocyte formation was thought to be the key to 
controlling psoriasis until about 10 years ago when 
the emphasis shifted to regulation of an underlying 
immune mechanism. Immune-modulating agents 
such as cyclosporine, 2 - 3 tacrolimus, 4 etretinate, 5 and 
CD4 monoclonal antibodies 6 can produce clinical 
improvement in psoriasis by focusing attention on 
the T cell. Likewise, remittive therapies like psoralen 
plus ultraviolet A can induce T-cell apoptosis of lym- 
phocytes. 7 However, many of these agents have 
been shown to also have a direct effect on ker- 
atinocytes, leaving unresolved the issue of the pri- 
mary cause of the disease. Denileukin diftitox 
(ONTAK, DAB 389 IL-2) has been shown to have anti- 
psoriatic activity, and it reacts with activated lympho- 
cytes, not with keratinocytes. 8 

Denileukin diftitox is an interleukin 2 receptor 
(IL-2R)-targeted fusion protein produced by recom- 
binant DNA techniques. 9 The denileukin diftitox 
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molecule consists of 1L-2 and a portion of the diph- 
theria toxin molecule. Denileukin diftitox binds to 
the IL-2 receptor (IL-2R) and is rapidly internalized 
via receptor-mediated endoeytosis. Subsequently, 
the enzymatic domain of the toxin molecule is 
released into the cell cytosol resulting in inhibition 
of protein synthesis and, ultimately, in cell death. 
Denileukin diftitox is selectively targeted to activated 
lymphocytes. 10 These cells bear the trimeric form of 
the 1L-2R, which has a 1000-fold greater affinity for 
IL-2 than does the receptor found on resting cells. 

Denileukin diftitox was originally developed clini- 
cally for the treatment of IL-2R-expressing malignan- 
cies. 11 ^ It is currently approved for use in patients 
with persistent or recurrent cutaneous T-cell lym- 
phoma (CTCL) whose malignant cells express the 
CD25 component of the IL-2 receptor when used at 
a dose of 9 or 18 |ig/kg per day for 5 consecutive 
days. At these doses, the overall response in a recent 
study of patients with CTCL was 3096 (21/71), with 
10% of patients achieving a complete response and 
20% a partial response. 11 

Two clinical trials have been completed with 
denileukin diftitox in patients with long-standing 
moderate to severe psoriasis. 15 ' 16 The first study, was 
an open-label cohort dose-escalation trial in 24 
patients evaluating an infusion of 2, 4, 6, or 9 M-g/kg 
per day for 5 consecutive days every 4 weeks for up to 
6 months. Mean Psoriasis Area and Severity Index 
(PAS1) 17 scores for the study population as a group 
steadily declined over the study period, and half of 
the patients had a greater than 50% improvement in 
their PASI score. Response rates by dose panel sug- 
gested a possible dose-response trend. There was a 
greater than 50% improvement in PASI score in 2 of 6 
(33%) of the patients treated with 2 ng/kg per day, 5 
of 10 (50%) of those treated with 4 or 6 ng/kg per day, 
and 5 of 8 (63%) of those treated with 9 jig/kg per day. 
Reported adverse events were mild to moderate in 
severity and consisted predominantly of flu-like symp- 
toms (chills/fever, nausea/vomiting, headache, myal- 
gia/arthralgia), dizziness, increased pruritus, and tran- 
sient transaminase elevations. Five patients (2 receiv- 
ing 2 Mg/kg daily and 3 receiving 9 jig/kg daily) 
discontinued because of adverse events (rash, back 
pain, sepsis, arthralgia, hyperthyroidism). 

A desire to shorten the time to response by alter- 
ation of the dosing regimen led to the initiation of a 
second trial. This study was a double-blind, placebo- 
controlled trial with a dosing schedule of 3 consecu- 
tive clays every week for 4 weeks. In addition, a 
slightly higher range of doses was examined (5, 10, 
and 15 jig/kg daily). Thirty-four percent of patients 
(10/29) who received denileukin diftitox improved 
by at least 50% at some time during the 8 weeks of 



the study, and the response rates showed no evi- 
dence of a dose-dependence. The response rates for 
patients treated with 5, 10, and 15 |ig/kg per day 
doses were 36% (4/11), 40% (4/10), and 25% (2/8), 
respectively. However, this dosing schedule was not 
well tolerated, and 10 patients (3 at 5 Hg/kg daily, 3 at 
10 |ig/kg daily, and 4 at 15 Mg/kg daily) discontinued 
treatment because of adverse events (4 rash, 2 
hypotension, 1 facial edema, 1 fever/chills, 1 nausea, 
and 1 vasospasm). In addition, one patient at the 5 
(ig/kg daily dose level in this trial experienced a 
lower extremity arterial and venous thrombosis. This 
patient had a medical history significant for heavy 
smoking and alcohol abuse along with a family his- 
tory of cardiovascular disease, hypertension, and dia- 
betes, and the relationship of this event to treatment 
with denileukin diftitox was uncertain. After submis- 
sion of data to support the ambiguity of the relation- 
ship of this event to denileukin diftitox administra- 
tion and discussion with the Food and Drug 
Administration, a decision was made to close the 
protocol, analyze the data, and initiate a new trial. 

The study reported herein was conducted to col- 
lect additional safety and efficacy data at lower doses 
(0.5 to 5 |ig/kg daily) of denileukin diftitox adminis- 
tered on a schedule (3 consecutive clays every other 
week for 8 weeks) intermediate to those studied 
previously. 

PATIENTS AND METHODS 

This was a cohort dose-escalation multicenter 
study to evaluate the safety, tolerability, pharmacoki- 
netics, and antipsoriatic effects of denileukin diftitox 
at 3 dose levels in patients with severe plaque-type 
psoriasis. The study was conducted under an 
Investigational New Drug Application and was 
approved by the Institutional Review Board of each 
site. Written informed consent was obtained from 
each patient before enrollment. 

Study eligibility 

To enroll in the study, patients with severe plaque- 
type psoriasis had to be 18 years of age or older and 
be willing to give informed consent and comply with 
protocol requirements. Severe disease was defined 
as (1) greater than 20% body surface area involved 
with plaque-type lesions or (2) an extent and loca- 
tion of disease that significantly adversely affected 
routine activities of daily living. Patients with pustu- 
lar or erythrodermic psoriasis were excluded. 
Patients had to be in good general health with hepat- 
ic transaminase levels less than 1.5 times the upper 
limit of normal (ULN), serum albumin of 3-0 g/clL or 
greater, serum creatinine less than 1.5 times ULN 
or estimated creatinine clearance greater than 60 



I Am Acad Di-.RMAroi 
Voiumi- 45. NiiMiiCR 6 



Martinet at 873 



mlAnin, and prothrombin lime or partial thrombo- 
plastin rime 1.25 times l*LN or less. Patients exclud- 
ed from study were those who had naive infections 
including HIV and hepatitis 13 or C, a history of clini- 
callv significant cardiovascular disease or coagulation 
disorder, an active malignancy, or previous exposure 
to denileukin diftitox. Pregnant or lactating women 
or individuals of childbearing potential unwilling to 
practice adequate contraception were not eligible. In 
addition, there was a washout period for antipsoriat- 
ic therapies: 8 weeks for cyclosporine or methotrex- 
ate; 4 weeks for investigational drugs, PUVA, UVB, 
coal tar, vitamin D 5 , retinoids, or oral or parenteral 
steroids; and 2 weeks for topical agents such as vita- 
min D v anthralin, corticosteroids, or keratolytic 
agents. 

/ 

Treatment plan 

The study was conducted at 6 sites and planned 
to enroll between 10 and 15 patients at each of 3 
dose levels (0.5, 1-5, and 5 Jtg/kg daily) in a cohort 
dose-escalating manner. The safety for each cohort 
was to be assessed and considered acceptable before 
enrollment into the next higher cohort. Doses were 
administered as an intravenous infusion lasting at 
least 15 minutes for 3 consecutive days every other 
week for 8 weeks for a total of 12 doses. Patients 
were permitted to receive acetaminophen or aspirin 
and antihistamine before infusion of the study drug. 

Safety monitoring 

Safety was assessed at the screening visit and on a 
weekly basis during the 8 weeks of the stuck' by rou- 
tine laboratory evaluations (hematology, clinical 
chemistry, and urinalysis), physical examinations, 
and adverse event reports obtained either by solici- 
tation from patients or by observation of medical 
staff. Patients were contacted by telephone 3 months 
after their last dose for a final safety evaluation. 

Response evaluation 

Antipsoriatic activity was assessed by clinical eval- 
uation of skin changes by designated response asses- 
sors. These individuals used the PAS1 scoring system 
(72-point total) to record and measure the clinical 
severity of psoriasis for each patient. The assessor's 
global impression of the severity of the patient's pso- 
riasis (Physician's Global Assessment or PGA) was 
recorded by means of a 5-point (0-1) scale (asymp- 
tomatic, mild, moderate, severe, or very severe). 
Assessments were performed at the screening visit 
and then weekly during the 8 weeks of the study. 
Patients with a decrease of 30% or more in PASI 
score from baseline (average of scores obtained at 
the screening visit and on day 1 before dosing) at the 



end of the 8-week period were to be followed 
monthly until the patient required use of antipsori- 
atic medication, returned to his/her baseline PASI 
score, or completed 1 year of follow-up, whichever 
occurred first. 

Antibody measurements 

Blood samples were drawn for measurement of 
anti-denileukin diftitox and anti-IL-2 antibody levels 
before the first, seventh, and tenth doses and during 
the final observation week. Antibody levels were 
measured by means of an enzyme-linked immuno- 
sorbent assay (EL1SA) with plates that were coated 
with either denileukin diftitox or IL-2 and incubated 
with 5-fold serial dilutions of serum. 16 

Denileukin diftitox serum levels 

Biood samples were drawn at 5, 10, and 15 min- 
utes after the start of the denileukin diftitox infusion, 
and 5, 15, 30, 60, 90, 120, 180, and 240 minutes after 
completing the infusion during the first, third, 
eleventh, and twelfth doses. Serum concentrations 
of immunoreactive denileukin diftitox were deter- 
mined in a standard asymmetric sandwich ELISA 
using 2 antibodies: one to the diphtheria toxin por- 
tion and one to the IL-2 portion of the molecule. 16 A 
processing step that dissociates denileukin diftitox 
from bound antibodies allows the determination of 
total circulating levels of denileukin diftitox. The 
lower limit of quantitation of denileukin diftitox in 
serum is approximately 0.2 ng/mL 

RESULTS 

Key demographic factors and baseline disease 
characteristics for the study population are summa- 
rized in Table I. A total of 35 patients were enrolled 
into the 3 groups (10 patients at 0.5 M-g^g clail y> 10 
patients at 1.5 ug/kg daily, and 15 patients at 5 |ig/kg 
daily). The 3 groups were similar in demographic 
and disease factors. Although group 2 appears to 
have slightly less severe disease at baseline than 
groups J or 3, the difference is not significant 
because a single patient with a 4.6 baseline PASI was 
enrolled in group 2 and is responsible for skewing 
the gamp mean. This patient qualified for the trial 
because of the extent and location of disease and its 
adverse impact on routine activities of daily living. 

Overall, 77% (27/35) of patients enrolled in the 
study were considered to have severe to very severe 
disease. The remaining patients qualified for the 
study because the extent and location of their psori- 
asis significantly affected their routine activities of 
daily living. Many patients had either a clinical variant 
of psoriasis {54%) or psoriatic arthritis (26%) (see 
Table I). Patients in the study had received a median 
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Table I. Patient demographics and baseline disease characteristics 



Parameter 



0-5 Mg^g daily, n = 10 1.5 iig^g daily, n = 10 5 M&fcg daily, n = 15 All, n 



35 



Patients 
Age (y) 

Mean 

Range 
Sex, No. (%) 

Male 

Female 
Race, No. (%) 

White 

Black 

Asian 
Disease 

Duration (y) 

Mean 

Range 
Variants, No. (%) 

None 

Seborrheic psoriasis 
Guttate psoriasis 
Reiter's disease 
Psoriatic arthritis, No. (%) 
No 
Yes 

Baseline PASI score 

Mean 

Range 
Baseline PGA, No. (%) 

Mild 

Moderate 
Severe 
Very severe 



/ 



51 

32-80 

6(60) 
4(40) 

9(90) 
0(0) 
1 (10) 



23 
7-54 

5(50) 
5(50) 
5(50) 
1 (10) 

6(60) 
4(40) 

26.0 
8.8-56 

0(0) 
1 (10) 
7(70) 
2(20) 



50 

23-67 

5(50) 
5(50) 

10(100) 

0(0) 

0(0) 



16 
1-43 

6(60) 
4(40) 
3(30) 
0(0) 

9(90) 
1 (10) 

20.0 
4.6-32 

1 (10) 
3(30) 
6(60) 
0(0) 



49 

37-67 

9(60) 
6(40) 

14(93) 

K7) 

0(0) 



24 
7-43 

12(80) 
1(7) 
2(13) 
0(0) 

11 (73) 
4(27) 

24.2 
12.3-43 

0(0) 
3(20) 
1 1 (73) 
1 (7) 



50 

23-80 

20 (57) 
15(43) 

33 (94) 
1 (3) 
1 (3) 



22 
1-54 

23 (66) 
10(29) 
10(29) 
1 (3) 

26 (74) 
9(26) 

23.5 
4.6-56 

1 (3) 
7(20) 
24 (69) 
3(9) 



Table II. Patient disposition 





0-5 pg/kg daily, n = 10, 


1.5 pg/kg daily, n = 10, 


5 pg/kg daily, n = 15, 


All, n = 35, 




No. {%) 


No. (%) 


No. (%) 


No. (%) 


Completed study 


9(90) 


8(80) 


12(80) 


29 (83) 


Withdrew 








Adverse events 


1 (10) 


1 (10) 


3(20) 


5(14) 


Lack of improvement 


0(0) 


1 (10) 


0(0) 


1 (3) 



of 5 previous therapies (range, 2-10). All had used 
topical therapy such as corticosteroids, vitamin D, or 
anthralin; 89/6 received UV light treatment with or 
without psoralen or other agents; and 5796 had used 
cyclosporins, methotrexate, or etretinate. 

Twenty-nine (83%) of the 35 patients enrolled in 
the study completed the 8-week study (Table II). 
One patient discontinued for lack of improvement 
and 5 patients withdrew for adverse events. All 35 
patients are included in the intent-to-treat analysis. 



Response evaluation 

The primary parameter for measuring antipsoriatic 
effects in this study was the change in PASI score from 
baseline previously defined as the average of the 
screening and day 1 scores. As shown in Fig 1, there was 
a mean decrease in PASI scores for each of the 3 dose 
groups. However, only patients in the 5 Mg/kg daily dose 
group showed consistent improvement with time, lead- 
ing to a mean decrease of 35 % at the last study visit (day 
50) approximately 1 week after the last dose. 
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Fig 1. Change in PASI scores over study period for 3 dose groups (mean ± standard error of 
mean). Denileukin diftitox was administered on days 1 to 3, 15 to 17, 29 to 31, and 43 to 45. N 
equals total number of patients for whom data were available. Number of patients with data at 
each time point varied. 



Table III. Patients with improvement in PASI or PGA 





0.5 |ig/kg daily, n = 10, 
No. (%) 


1.5 Hg/kg daily, n = 10, 
No. (%) 


5 |ig/kg daily, n = 15, 
No. (%) 


All, n = 35, 
No. (%) 


PASI (>50% decrease) 
PGA (>1 grade decrease) 
PGA (>2 grade decrease) 


0(0) 
5(50) 
0(0) 


1 (10) 
3(30) 
0(0) 


7(47) 
10 (67) 
4(27) 


8(23) 
18(51) 
4(11) 



Overall, 21 (60%) of the 35 patients achieved a 3096 
decrease or greater in PASI score at some point dur- 
ing the study, whereas 8 patients (23%) met the crite- 
rion of a 50% or greater reduction. Seven (47%) of the 
15 patients in the 5 ug/kg daily group had a 50% or 
greater reduction in PASI score (Table III). It should 
be noted, however, that one of these patients (patient 
602) began to show improvement in disease symp- 
toms, but then experienced a rash requiring oral cor- 
ticosteroids and discontinuation from the study. The 
eighth responder (patient 411) was in the 1.5 Mg'kg 
daily group. This individual had a low baseline PASI 
score of 4.6. The PASI scores of one patient in the 1.5 
|ig/kg daily dose group (patient 307) worsened in 4 of 
6 study visits, but the patient remained in the study. 



PASI scores over time for all 8 responders are illus- 
trated in Fig 2. Seven patients still showed improve- 
ment at their last assessment, with 3 patients (606, 
607, and 613) followed up for more than a month 
beyond their last dose. Additional data beyond the 
time points shown in Fig 2 are not available. 
Interestingly, patient 613 did not achieve a decrease 
of 50% or greater in PASI score until 33 days after his 
last dose. 

As shown in Table III, 51% (18/35) of patients had 
a decrease from baseline in PGA by at least one grade 
at some time during the study, with a comparable 
number of patients meeting this criteria across the 3 
close groups, but the 4 patients who had a two-grade 
decrease were all in the 5 Jig/kg daily group. 
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Fig 2. PAS1 scores over time for the 8 patients who achieved > 50% decrease in PAS I score from 
baseline. Day 50, approximately I week after last dose, was considered final study visit. Patients 
602 and 6H discontinued because of adverse events after 3 and 6 doses, respectively. Final data 
shown for these patients are 10 and 18 days, respectively, after last dose. Patients 606, 607, and 
613 were followed up beyond last dose for an additional 145, 39. and 33 days, respectively; 



Safety evaluation 

Five (1496) of the 35 patients discontinued for 
adverse events, one in each of the lower close groups 
and 3 of 15 in the highest dose group. One patient 
(0.5 jig/kg daily) discontinued for chest pain and was 
later diagnosed with bronchitis. One patient (1.5 
Mg/kg daily) with a history of uncontrolled diabetes 
experienced cellulitis and left the study after a brief 
hospitalization. The events experienced by both of 



these patients were considered to be unrelated to 
denileukin diftitox by their physicians. Possibly relat- 
ed events in patients in the 5 Mg/kg daily dose group 
included facial edema that cleared within a few 
hours of the start of diphenhydramine treatment 
and rash in 2 patients (5 M-g/kg daily). A biopsy of the 
first case of rash showed a perivascular lymphoote 
infiltrate of the superficial dermis consistent with a 
drug eruption. This rash, which evolved from gener- 
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Table IV. Mild (grade 1 and 2) adverse events experienced by 2 or more patients considered related to 



treatment 







0.5 MS^8 daily, n = 10, 


1.5 ue/ke daily, n = 10, 


5 Mg"tg daily, n = 15, 


All, n = 35, 


Adverse event 




No. (%) 


No. (%) 


No. (%) 


No. (%) 


Fever/chills 




1 (10) 


1 (10) 


6(40) 


8(23) 


Asthenia 




2(20) 


0(0) 


5(33) 


7(20) 


Pain 




1 (10) 


2(20) 


4(27) 


7(20) 


Rash 




1 (10) 


0(0) 


4(27) 


5(14) 


Mai Kpa/vomitinci 




2 (20) 


0(0) 


2(13) 


4(11) 


Upariachp 




0(0) 


2(20) 


1 (7) 


3(9) 


Pruritus 




0(0) 


0(0) 


2(13) 


2(6) 


Insomnia 




0(0) 


0(0) 


2(13) 


2(6) 


Myalgia 




0(0) 


0(0) 


3 (20) 


3 (9) 


Psoriasis 




1 (10) 


1 (10) 


1 (7) 


3(9) 


Edema 




0(0) 


0(0) 


3(20) 


3(9) 


Transaminase increase 




0(0) 


0(0) 


3(20) 


3(9) 


LDH increase 




0(0) 


0(0) 


2(13) 


2(6) 


Myasthenia 


/ 


0(0) 


0(0) 


2(13) 


2(6) 


Weight increase 


0(0) 


0(0) 


2 03) 


2(6) 



LDH, Lactate dehydrogenase. The following events considered to be related to treatment were experienced by 1 patient each: allergic reac- 
tion, anorexia, arthralgia, capillary fragility increased, chest pain, creatinine clearance decrease, diarrhea, dizziness, eosinophilia, hypotension, 
infection (sinusitis), injection site reaction, lab test abnormality, leukocytosis, leukopenia, lymphadenopathy, nervousness (anxiety), skin dis- 
coloration, sweating, and taste perversion. 



alized erythroderma and cutaneous edema into an 
exfoliative dermatitis, required treatment with oral 
corticosteroids. The biopsy specimen from the sec- 
ond rash revealed features consistent with psoriasis 
but did not exclude the diagnosis of drug reaction. 
This individual's skin eruption and eosinophilia 
cleared without specific therapy. 

The most common adverse events experienced by 
patients in this trial (see Table IV) were fever/chills 
(23%; with no temperatures above 38°C), asthenia 
(20%), pain (20%; primarily back pain with infusion), 
rash (14%; included generalized rash, macular papu- 
lar rash, and vesicular- rash), and nausea/vomiting 
(11%). Constitutional events such as asthenia and 
fever/chills, events related to skin reactions such as 
generalized pruritus and rash, and increased transam- 
inase levels were experienced more frequently by 
patients in the 5 M-g/kg daily group than in the other 
two lower dose groups. Constitutional symptoms 
usually began on a dosing day and lasted 1 to 4 days. 

Acute events associated with infusion of 
denileukin diftitox in this study were usually limited 
to back pain. Investigators considered the one case 
of facial edema and two cases of rash to be manifes- 
tations of delayed hypersensitivity-type reactions. A 
case of generalized edema in the 5 fig^g daily dose 
group was considered to be probably related to 
studv drug. There was one report of a mild vascular 
leak syndrome (VLS) in a patient in the 5 jig/kg daily 
dose group that occurred at day 7 and was also 



Table V Number of patients with moderate (grade 
3) and severe (grade 4) adverse events (n = 35) 



Related events Unrelated events 
(No.) (No.) 



Adverse event 


Moderate 


Severe 


Moderate 


Severe 


Cellulitis 


0 


0 . 


0 


1 


Flu-like syndrome 


0 


0 


1 


0 


Kidney calculus 


0 


0 


1 


0 


Leukopenia 


0 


1 


0 


0 


Pruritus 


0 


0 


1 


0 


Transaminase 


1 


0 


0 


0 


elevation 











believed to be treatment related. VLS is defined as 
the simultaneous occurrence of at least 2 of the fol- 
lowing: edema, hypoalbuminemia (< 2.8 g/dL), or 
hypotension occurring between days 1 and 14 of the 
beginning of a treatment cycle. The patient with VLS 
in this study had a slight reduction in albumin (nadir 
of 3-1 g/dL), ankle edema, and a 6% weight gain, 
which did not require treatment. 

All of the adverse experiences and changes in lab- 
oratory parameters reported in this study were mild 
(grade 1 or 2) with the exception of those events 
described below. Four patients experienced moder- 
ately severe (grade 3) events (Table V; one patient in 
the 0.5 |ig/kg daily group with a kidney calculus, two 
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Table VI. Antibody levels with time 

Day 1 Day 50 



0.5 M&kg daily, 1.5 pg/kg daily, 5 Mg^kg daily, 0.5 Mg/kg daily 1.5 pg/kg daily, 5 pg/kg daily, 
Titer n = 10, No. (%) n = 10, No. (%) n = 14, No. (%) n = 10, No. (%) n = 7, No. {%) n = 10, No. (%) 



Anti-denileukin diftitox 



antibodies 



^ 1 .c 


"5 l">f\\ 
Z U*JJ 


O \0\J) 


1 C\&\ 


i new 


n (o\ 


n (c\\ 


1 :5 


3 pUJ 


Z [ZU) 


O \D/} 


n to) 

U [V) 




n (n\ 

U [Ui 


1:25 


3(30) 


2(20) 


3(21) 


0(0) 


0(0) 


0(0) 


1:125 


0(0) 


0(0) 


1 (7) 


3(30) 


0(0) 


0(0) 


1:625 


0(0) 


0(0) 


0(0) 


1 (10) 


5(71) 


4(40) 


1:3125 


0(0) 


0(0) 


0(0) 


4(40) 


2(29) 


5(50) 


1:15,625 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


1 (10) 


>1:15,625 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


Anti-IL-2 antibodies 














<1:5 


8(80) 


9(90) 


11 (79) 


5(50) 


1 (14) 


1 (10) 


1:5 J 


2(2) 


1 (10) 


3(21) 


4(40) 


3(43) 


3(30) 


1:25 


0(0) 


0(0) 


0(0) 


0(0) 


1 (14) 


4(40) 


1:125 


0(0) 


0(0) 


0(0) 


1 (10) 


2(29) 


2(20) 


1:625 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


1:3125 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


1:15,625 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


> 1:1 5,625 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 


0(0) 



patients in the 1.5 Mg/kg daily group [one with pru- 
ritus and one with flu-like syndrome], and one 
patient in the 5 |ig/kg daily group with a transient 
increase in transaminase levels [AIT = 176 U/dL]). In 
addition, two severe (grade 4) events were reported: 
the ease of cellulitis in the diabetic patient described 
above and a transient case of leukopenia in a patient 
in the lowest dose group whose lymphocyte count 
dropped after an upper respiratory tract infection 
from 1110 cells/nL on day 23 to 390 cells/u,L before 
dosing on day 29. The count subsequently returned 
to 930 cells/|iL on day 38 and remained stable 
through the next dosing cycle. The only AE-related 
hospitalization was for the patient with cellulitis. 

I mm u noge nici ty 

Antibody titers were measured at time points 
before and during the study At baseline, 2696 of the 
patients (9/34) whose samples were available had 
anti-denileukin diftitox antibody titers of 1:25 or 
1:125 (Table VI). This is believed to be because of 
previous diphtheria toxoid immunization. Anti- 
diphtheria toxin antibodies have been previously 
shown to cross-react' with denileukin diftitox. An 
increase in anti-denileukin diftitox antibody titers to 
1:625 or more was first seen after 6 doses (day 29). 
These titers usually did not change with subsequent 
dosing and, by the end of the study (day 50), all of 
the patients in the 1.5 and 5 Mg/kg daily groups had 



titers of at least 1:625. In contrast, only half of the 
patients in the 0.5 M-g/kg daily group had titers as 
high as 1:625, with two patients not developing any 
antibodies to denileukin diftitox. These results are 
similar to those of a previous phase III CTCL study in 
which specific neutralizing antibodies and anti- 
denileukin diftitox EL1SA titers were found to increase 
in parallel after exposure to the study drug. 11 

Although all of the patients in this study had low 
or undetectable (< 1:5) anti-IL-2 titers at baseline, 
43% of patients in the 1.5 Mg/kg daily group and 60% 
of those in the 5 Jig/kg daily group developed titers 
of 1:25 or 1:125 by clay 50 (Table VI). In contrast, only 
one (10%) of the patients in the 0.5 |ig/kg daily 
group developed antibodies to IL-2 (titer 1:125). 

Denileukin diftitox serum levels 

Serum denileukin diftitox concentrations were 
measured during the first and last week of dosing. As 
shown in Fig 3, serum concentrations after the first 
administration were dose-proportional, with mean 
peak concentrations ranging from 6.9 ng/mL (0.5 
jig/kg daily) to 66.5 ng/mL (5 Jig/kg daily). The mean 
peak at the 0.5 jig/kg daily dose was below the target 
level of more than 10 ng/mL predicted to be neces- 
sary for bioactivity based on in vitro cell culture data. 9 

As shown in Fig 4, no accumulation was observed 
between the first and third doses of the same dosing 
week (day 1 vs day 3, and day 43 vs day 45) even in 



I Am Acad Dermatol 
Volume 45. Numrhr 6 



Martin et al 879 



100 q 




0.1 -I , x 1 1 — - " ' ' ' 1 

0 60 120 180 240 300 

^ Time (min) 

Fig 3. Serum concentrations of denileukin diftitox after first dose (day 1) for the 3 dose groups 
(mean ± standard error of mean). N equals total number of patients for whom data were avail- 
able. Number of patients with data at each time point varied. 




120 180 240 300 

Time (min) 



Fig 4. Serum concentrations of denileukin diftitox after first (day 1). third (day 3), eleventh 
(day 43). and twelfth (dav 45) doses for the 5 ug/kg daily group (mean ± standard error of 
mean). A' equals total number of patients for whom data were available. Number of patients 
with data at each time point varied. 



the highest dose group (5 Jig/kg daily). As also 
shown in Fig 4, development of antibodies correlat- 
ed with a significant decrease in serum concentra- 
tions between the initial close in the first and last 



dosing weeks (day 1 vs clay 43). Mean peak levels for 
the 5 Jig'kg daily group decreased from 66.5 ng/mL 
on day 1 to 41.7 ng/mL on day 43 with a comparable 
decrease in overall exposure. 
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Table VII. Peak serum levels and antibody titers for patients with a >50% decrease in PASI score from baseline 






Day 1 






Day 43 






Peak levels 


Anti-denileukin 


Anti-IL-2 


Peak levels 


Anti-denileukin 


Anti-IL-2 


Patient 


(ng/mL) 


diftitox titer 


titer 


(ng/mL) 


diftitox titer 


titer 


1.5 |ig/kg daily 














41 1 


>25.6 


1 .c 

<1 :5 




nn 

i j.y 


i .tic 


1:125 


5 jig/kg daily 














105 


58.1 


1:25 


1:5 


40.0 


1:3125 


1:25 


503 


59.9 


1:5 


1:5 


33.2 


>1:15,625 


1:125 


602 


83.6 


<1:5 


<1:5 


N/A 


N/A 


N/A 


606 


55.0 


1:25 


<1:5 


33.4 


1:3125 


<1:5 


607 


>51.2 


1:5 


<1:5 


95.7 


1:625 


1:25 


613 


62.0 


1:25 


1:5 


68.9 


1:625 


1:25 


614 


57.9 


1:5 


<1:5 


N/A 


N/A 


N/A 



/V/4,Not available. 



These lower levels did not, however, drop below 
the target level (>10 ng/mL) noted above. It is also 
important to note that although the development of 
antibodies generally corresponded with decreased 
denileukin diftitox serum levels, the presence of these 
antibodies did not preclude response. Of the 8 indi- 
viduals with a greater than 50% decrease in PASI score, 
3 had baseline anti-denileukin diftitox antibody titers 
of 1:25 (Table VII). In addition, all 6 patients for whom 
data are available had anti-denileukin diftitox antibody 
titers of 1:625 to > 1:15,625 by the end of dosing (day 
43), and 5 of the 6 also showed an anti-IL-2 response 
by that time. There was no apparent correlation 
between response and antibody levels. 

DISCUSSION 

Although denileukin diftitox has received acceler- 
ated approval in the United States for the treatment 
of CTCL, the clinical development of this agent for 
the treatment of autoimmune disease is in an early 
stage. However, denileukin diftitox has now been 
shown to have antipsoriatic activity in patients with 
moderate to severe psoriasis in 3 trials using differ-, 
ent regimens. In the two previously reported trials, 
dose response for improvement in psoriatic symp- 
toms could not be demonstrated using the regimens 
examined. 81516 In contrast, this trial established a 
dose and schedule that is active. No patients (0/10) 
in the 0.5 Mg'kg daily group and only 1 patient (1/10) 
in the 1.5 jig^g daily group had a 5096 or greater 
decrease in PASI score from baseline. However, 7 of 
the 15 patients in the 5 (ig/kg daily group met this 
criterion. 

The safety profile reported in this study is similar 
to the profiles in the earlier two studies. The most 
frequently reported events are a group of flu-like or 



constitutional symptoms (asthenia, fever/chills, nau- 
sea, and headache). However, the frequency or 
severity of many adverse events reported in this trial 
at the 5 jug/kg daily dose level for 3 consecutive days 
every other week were lower than those reported in 
the earlier trial 16 using a more intensive dosing 
schedule (3 consecutive clays every week). For exam- 
ple, the frequency of fever or chills was 40% for this 
trial with all events being grade 1 versus 64% for the 
previous trial with half of the events being grade 2. A 
similar relationship was observed with respect to the 
frequency and severity of asthenia (33% primarily 
grade 1 versus 45% primarily grade 2, respectively). 
One case of VLS occurred at the 5 |ig/kg daily dose. 
This VLS incidence in the high-dose panel of 0.7% 
(1/15) is lower than that of a previous study of 
patients with CTCL, in which VLS occurred at a rate 
of 25% in patients treated at doses of 9 or 18 |ig/kg 
daily. 11 

In conclusion, this study has identified a mini- 
mum dose for antipsoriatic activity of denileukin 
diftitox at 5 Jig/kg daily using this schedule. The 
response rate at this close level was comparable to 
that reported for other studies, and this closing regi- 
men was better tolerated. Further optimization of 
the dosing schedule may be desirable, however, 
because a less frequent dosing schedule would be 
more acceptable to both patients and physicians. In 
addition, periodic closing to maintain response is an 
area for future study. 
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Effect of in adjuvant arthritis 1673 

AnnM-fflirtlhirftlk effffecte demoimstatted Iby ami 
nimtteirieiiflIkniiii-2 receptor4airge(te<dl cyitotoxBun 
(DAB^L-l) nnn raft adljanvaiEtt airttlhiirMns 

DAB4S6IL-2 is an interleukin-2 receptor-specific cytotoxin which selectively 
targets and kills cells which bear the high-affinity form of the IL-2 receptor. Since 
elimination of activated T lymphocytes may be useful in the treatment of 
rheumatoid arthritis, the effect of DAB486IL-2 treatment in an animal model of 
arthritis was investigated. We demonstrated that rats treated with DAB486IL-2 
during the induction phase of disease have delayed onset of symptoms and 
significantly reduced severity of inflammation as well as a depressed proliferative 
response to mycobacterial stimulation in vitro. In addition, the presence of 
preexisting antibodies to the molecule had no impact on the anti-arthritic effects 
observed in this model. These data suggest that DAB4$6lL-2 may have therapeutic 
potential in the treatment of rheumatoid arthritis. 



I EmtaMtacttioini 

Two pivotal events of T cell activation include production 
of EL-2 and appearance of the high-affinity IL-2 receptor on 
the cell surface [1]. Expression of the high-affinity form of 
this receptor is restricted to activated T lymphocytes, 
B lymphocytes and monocytes [2-4]. As a result of its 
limited distribution, the IL-2 receptor is a target for therapy 
of those diseases in which activated lymphocytes may play a 
pathogenic role. In these instances, elimination of EL-2 
receptor-positive activated cells should result in selective 
immunosuppression,' while resting, memory and other 
nonactivated cells should be spared. 

Adjuvant arthritis is an autoimmune disease that can be 
experimentally induced in genetically susceptible rat strains 
by immunization with mycobacterial adjuvant [5]. The 
disease is characterized by subacute polyarthritis involving 
the distal extremities which is similar clinically and patho- 
logically to human rheumatoid arthritis. Similarities 
include synovitis, pannus formation, cartilage destruction 
and bone erosion [6]. Involvement of activated T lympho- 
cytes in the pathogenesis of disease has been documented 
by the observation that adjuvant arthritis, like certain other 
experimental autoimmune animal models (e.g. experimen- 
tal allergic encephalomyelitis, streptococcal cell wall- 
induced arthritis, collagen type-II-induced arthritis and 
non-obese diabetes), can be passively transferred to reci- 
pient animals by injection of freshly isolated lymphocytes 
or selected Tcell clones from diseased animals [7]. 

DAB4gJL-2 is the product of a fusion gene in which the 
DNA sequences encoding the receptor-binding domain of 
native diphtheria toxin have been removed and replaced 
with DNA sequences encoding human IL-2. The resulting 
fusion protein contains the enzymatically active domain 
and membrane associating regions of diphtheria toxin fused 
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to IL-2. This fusion toxin has been shown to be selectively 
cytotoxic for high-affinity IL-2 receptor-bearing human and 
murine tumor cells, as well as recently activated PHA- 
stimulated human peripheral blood mononuclear cells 
[8-10]. DAB486IL-2 represents a new class of biological 
response modifiers that may play an important role in the 
management of autoimmune disease in which activation of 
T lymphocytes plays a pivotal role. This report describes 
the anti-arthritic activity of DAB 4g6 IL-2 in the rat adjuvant 
arthritis model. 



2 Materials aad methods 
2.1 Reagents 

DAB486IL-2 was expressed in E. coli and purified from 
cellular extracts via immunoaffinity chromatography and 
high performance liquid chromatography essentially as 
previously described [ll].Tris-buffered saline consisting of 
0.02 M Tris (pH 8.2), 0.15 M NaCl was used as the buffer 
control. Recombinant human IL-2 was kindly provided by 
Dr. John R. Murphy (Boston University Medical Center, 
Boston, MA). 



2.2 Animals 

Female Lewis rats (100 to 125 g) were obtained from 
Harlan Sprague-Dawley Inc. (Indianapolis, IN) and 
housed in filter-top cages. All animals were maintained in 
accordance with the guidelines of the Seragen Inc. Institu- 
tional Animal Care and Use Committee and those prepared 
by the Committee on.Care and Use of Laboratory Animals 
of the Institute of Laboratory Animal Resources of the 
National Research Council. 



23 Induction off adjuvant arthritis 

Adjuvant arthritis was induced by injecting animals with a 
10 mg/mi suspension of killed, dried Mycobacterium bury- 
ricum (Difco, Detroit, MI) in heavy mineral oil (Sigma 
Chemical Co., St. Louis, MO). One hundred microliters of 
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the suspension was injected intradermal^ at four to six sites 
on the lower back while animals were under light methox- 
yflurane anesthesia. 



2.4 Experimental design 

Animals were randomly assigned to experimental groups 
(10 animals/group). Adjuvant injections occurred on day 0. 
Rats were treated with DAB486IL-2 during the induction 
phase of the disease (days - 1 to 9) or after clinical 
symptoms of arthritis had developed (days 11 to 21). All 
animals received a single, daily subcutaneous injection over 
the back on the days specified. ^Animals were graded daily 
for clinical signs of disease. In some studies animals were 
monitored clinically for up to 3 months, while in other 
studies animals were euthanized with pentobarbital at the 
peak of clinical symptoms (day 22) for radiographic and 
histopathologic evaluation. The right hind limbs from rats 
in each group were frozen for radiography and the left hind 
limbs were fixed, sectioned, stained and examined micros- 
copically. 



2.5 Scoring of adjuvant arthritis 

Each rat was evaluated daily for clinical signs of arthritis. 
Severity of arthritis was quantified by scoring each paw on a 
scale of 0 to 4 which indicated the severity of peripheral 
joint swelling and erythema (0 = no signs of disease, 1 = 
disease evident in a small number of distal joints of a paw, 
2 = disease evident in all the distal joints of the paw, 3 = 
disease evident in the' entire paw and 4 = severe disease 
evident in the entire paw, [12]). The arthritic index was 
defined as the sum of the scores of all four paws from each 
animal with a maximal possible score of 16. Animals were 
scored by several different blinded observers over the 
duration of each experiment. 



2.6 Radiographic evaluation 

At the end of a study, the right hind limbs from randomly 
chosen rats were amputated above the knee joint and 
mounted on cardboard using adhesive tape. Limbs were 
frozen at -20 °C and later imaged on high speed X-ray film 
at Beth Israel Hospital (Boston, MA). A blinded assess- 
ment of the severity of arthritis in each paw was made based 
on soft tissue swelling and bony proliferation (0 = no 
evidence of disease, 1 = soft tissue swelling, 2 = soft tissue 
swelling accompanied by mild new bone formation and 3 = 
severe soft tissue swelling with extensive new bone forma- 
tion). 



2.7 Hisftopathology evaluation 

The left hind limbs of animals used in the radiographic 
studies described above were amputated and preserved in 
Telly's fixative (glacial acetic acid, formaldehyde, and 70 % 
enthanol in a ratio of 1 : 2 : 10) .These limbs were sent to Tufts 
University Veterinary Diagnostic Laboratory (Boston, 
MA) where they were decalcified, paraffin embedded, 
sectioned along the midline through the metatarsal region 
and stained with hematoxylin and eosin. A blinded assess- 
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ment of the sections was made based upon inflammatory 
mononuclear cell infiltrate, joint space narrowing and 
periosteal new bone formation (0 = no evidence of disease 
1 = mild lymphocytic infiltrate, 2= widespread inflamma' 
tory infiltrate with some proliferative osteomyelitis and 
thickening of the synovial lining and 3 = severe bone 
destruction and new bone formation and destruction of the 
synovial lining). 



2.8 Assessment of proliferative responses 

On dayO rats (five animals/group) were injected with 
mycobacterial adjuvant or oil alone and subsequently 
treated with buffer or DAB486IL-2 (0.5 mg/kg) on days 0 to 
9. On day 10 or 20 the animals were killed and popliteal 
lymph nodes were removed under aseptic conditions. The 
nodes were teased to obtain single-cell suspensions. The 
cells were cultured at 1 x lC^/ml in 96-well U-bottom 
microtiter plates in RPMI 1640 containing 5 % fetal calf 
serum and 2 x 10 -5 M 2-mercaptoethanol. One hundred 
microliters of Con A (2 ^ig/ml), M. butyricum (80 fig/ml) or 
medium alone was then added to quadruplicate wells 
containing 100 \i\ of the cell suspension. The cells were 
incubated for 72 h, pulsed overnight with 0.625 jxCi/well 
[methyl- 3 H] thymidine (specific activity of 20Ci/mmol), 
harvested and assessed for radioactive incorporation. 



2.9 Diphtheria toxoid immunization 

In a separate study, prior to the induction of adjuvant 
arthritis, animals were immunized with diphtheria toxoid in 
order to induce antibodies which might cross-react with the 
diphtheria toxin portion of the DAB^IL^ molecule. Rats 
(75 to 100 g) received 100 ng of diphtheria toxoid (Massa- 
chusetts State Laboratories, Boston, MA) intramuscularly 
on 5 consecutive days. Ten days later, blood samples were 
obtained from each animal and analyzed for anti- 
DAB486IL-2 antibody levels. 



2.10 Anti-DAB486ffIL-2 antibody ELflSA 

Anti-DAB486lL-2 antibodies in rat sera were measured by 
ELISA. Ninety-six-well flexible plates were coated over- 
night with 1 jig/well of DAB486IL-2, blocked with 0.1% 
gelatin prepared in 0.05 % Tween-20 (Sigma) in PBS and 
washed with 0.05% Tween-PBS. Eight serial fivefold 
dilutions of each serum sample were added to the coated 
plate (100 nl/well). The plates were incubated for 1 h at 
room temperature, washed, incubated with an appropriate 
dilution of alkaline phosphatase-conjugated affinity-parif- 
ied goat anti-rat immunoglobulin (Cappel, West Chester, 
PA), and developed with alkaline phosphatase substrate 
(Kirkegaard and Perry, Gaithersburg, MD).The antibody 
titer was determined as the greatest dilution of serum which 
produced an absorbance at 405 nm of >0.1 when analyzed 
with an automated plate reader. 



2.U Aflti-BAB4g6flL-2 neutralizing antibody assay 

Antibodies that are capable of neutralizing the biolo^caf 
activity of DAB486IL-2 for a human IL-2 receptor-express^ 
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ing cell line were measured in an in vitro assay. Twofold 
dilutions of each serum sample were prepared in 
RPMI 1640 medium with 15% fetal calf serum and incu- 
bated with an equal volume of DAB^IL-2 (340 ng/ml) for 
1 h at 37°CThe preincubated mixture was then added to 
duplicate V-bottom microtiter wells containing 10 5 C9i/PL 
cells [13J. The cells were incubated overnight, pulsed for 2 h 
with 2.5uCi/ml [ U C] leucine (specific activity of 
300mCi/mmol) in leucine-free MEM (Gibco, Grand 
Island, NY), harvested and assessed for radioactive incor- 
poration. The end point for this assay is defined as the 
greatest dilution of serum which protects the cells such that 
their level of incorporation is > 20% of the value for control 
cells. Results from this assay are reported in units of 
neutralizing activity. One international neutralizing unit of* 
diphtheria antitoxin is defined as the amount of antibody - 
that will neutralize 2.5 u.g of toxin. We have extended this 
definition to the amount of antibody that will neutralize an 
equivalent amount on a molar basis (2.7 u,g) of DAB^- 



3 Results 

3.1 GinicaJ course 

Rats immunized with mycobacterial adjuvant develop signs 
of peripheral disease approximately day 10 postimmuniza- 
tion. The severity of swelling and erythema of the paws 
rapidly increases until day 20 to 25, with individual arthritic 
indices as high as 10 to 14. Clinical symptoms then gradually 
decreased to a level which is approximately 50 % of the 
peak by day 40. Daily subcutaneous administration of 
0.5 mg/kg of DAB4S6IL-2 from the day prior to adjuvant 
administration to day 9 postimmunization markedly 
decreased the severity of inflammation associated with 
disease. Onset of disease was delayed by approximately 
2 days and the degree of peripheral joint swelling and 
erythema was two- to fourfold less severe than in buffer- 
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Figure L Impact of treatment with DAB486IL-2 on induction of 
adjuvant arthritis. Animals were immunized with adjuvant on 
? day 0 and treated with either Tris-buffe red saline (□) or 0.5 mg/kg 
. . J>AB48^Lr2 (■) on days - 1 to 9. Values are mean ± SEM for 10 



Effect of DAB W IL-Tin adjuvant arthritis 1675 

treated animals. In the study depicted in Fig. 1, animals 
treated with DAB486IL-2 had a mean arthritic index of 2.5 
by day 20, which later decreased so that animals attained a 
mean score of approximately 0.5 by day 40. In contrast, 
buffer-treated control animals had a peak mean arthritic 
index of approximately 9.5 which decreased to only 3 to 4. 
Subsequent studies have demonstrated that treatment with 
DAB486IL-2 on days 0 to 9 give comparable results to 
treatment on days - 1 to 9. In addition, treatment with 
either a non-relevant protein, human serum albumin 
(Alpha Therapeutics. Los Angeles, CA), or IL-2 itself had 
no impact on clinical symptoms (Fig. 2). 



3.2 Radiographic features 

Radiographic analysis of the hind limb of buffer-treated 
control animals, terminated on day 22 postimmunization, 
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Figure 2. Impact of treatment with a non-relevant protein, human 
serum albumin, and IL-2 on induction of adjuvant arthritis. 
Animals were immunized with adjuvant on day 0 and treated 
subcutaneously on days - 1 to 9 with either Tris-buffered saline (□) 
or 2 mg/kg human serum albumin (■) (A); Tris-buffered saline (□) 
or 0. 125 mg/kg human IL-2 (■) (B). Values are mean ± SEM for 10 
animals. • : .- * •• -*;£>t. i«v ■i.-f. _.-,■*'■ > : »i:vii , , 
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consistently showed extensive soft tissue swelling through- 
out the paw and ankle region (Table 1). This finding was 
accompanied by narrowing of the joint spaces and moder- 
ate new bone formation as shown by irregular areas of 
greater radiodensity in the metastarsal region. In contrast, 
radiographs of hind limbs from animals treated with 
DAB4S6IL-2 during induction (days - I to 9) showed only 
mild soft tissue swelling in the ankle region and minimal 
bone destruction or new bone formation. Summary data for 
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50 animals (25 controls and 25 DAB 486IL-2- treated rats) 
randomly selected from six separate studies is shown in 
Table 1. Statistical analysis of the radiographic scores for 
these two groups showed that animals treated with 
DABWL-2 were graded significantly lower than were 
buffer controls (Pearson's x 2 P = 0 005; Fisher's exact test 
p = 0.0 1 comparing the frequency of scores of 0 and I 
versos the frequency of scores of 2 and 3). 
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tw3 Decked ankfc joint sections taken on day 22 from rats treated with buffer (A B) or days - lto 9 (QJ 

-SS^ei inflammatory infiltrate (II) and severe proliferative osteomyelitis characterized .by "tew* ™ b 
.i^^S^zSSL JL^.i^r fn *nd imninrino on the existing bone can be seen in control animals. Minor thickening of the syn. 
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Table I. Summary of clinical, radiographic and histologic 
findings 3 * 




-:\\^^»>*.v^/--.- Buffer treated 
- . .* : „*. . v.:.- •* -.. 
Arthntic index ' / 6.5 ± 0.6 
Radiographic score 1.0 ± 0.2 
Histologic score " 1.9 ± 0.2 



f DAB486IL-2 treated 



2.9 ± 0.2 
"0.5 ±0.1 
0.8 ± 0.1 



a) Values are mean score + SEM of 25 animals for each group 
randomly selected from six separate studies. Blinded assess- 
ments were conducted as described in the Sects. 2.5, 2.6, 2.7 
(arthritic index on a scale of 0 to 16, radiographic score and 
histologic score on scales of 0 to 3). Statistical analysis is 
described in the text. 



3.3 Histological features 

Microscopic examination of hematoxylin and eosin-stained 
paraffin-embedded sections of the joint in the hind paws of 
buffer-treated control animals, terminated on day 22 post- 
immunization, revealed extensive signs of disease. Findings 
included a thickened synovial joint lining, widespread 
inflammatory infiltrate forming granulomatous lesions and 
severe proliferative osteomyelitis characterized by bone 
destruction and new bone formation perpendicular to and 
impinging on the existing bone (Fig. 3 A and B). Examina- 
tion of the joints of animals treated with D AB48JL-2 during 
the induction phase (day - 1 to 9) indicated that DABagoIL- 
2 treatment greatly reduced the infiltration of inflammatory 
cells and extensive bone remodeling characteristic of 
adjuvant arthritis, confirming the radiological results de- 
scribed above (Fig. 3C and D). Statistical analysis of the 
histographic scores for the two groups described above and 
summarized in Table 1 showed similar results to that for the 
radiographic scores, i.e. animals treated with DAB486IL-2 
were graded significantly lower than were buffer controls 
(Pearson's x 2 P - 0.0001; Fisher's exact test p = 0.0001 
comparing the frequency of scores of 0 and 1 versus the 
frequency of scores of 2 and 3). 



3.4 Proliferative responses 

The proliferative response of popliteal lymph node cells 
isolated from animals either 10 or 20 days postimmuniza- 
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tion with mycobacterial adjuvant was assessed. Cells iso- 
lated from buffer-treated animals responded briskly to 
stimulation with M. butryicum (Table 2). In comparison, 
cells which were derived from DAB4g6lL-2-treated animals 
and then stimulated with mycobacterial antigen incorpo- 
rated significantly less [ 3 H] thymidine. This observation is 
not the result of general depression of the proliferative 
response since Con A stimulation of cells from DAB^IL- 
2-treated animals was equivalent to that of cells derived 
from buffer-treated control animals. 



3.5 flmpact of preexisting antibodies to DAB«6lL-2 

Active immunization programs against diphtheria have 
existed for more than 50 years in the developed world; thus, 
individuals may have levels of preexisting antibodies to 
diphtheria toxin which could potentially inhibit DAB486- 
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Proliferative response of lymphocytes from popliteal lymph nodes to M . butryicum as measured by [ 3 H] thymidine uptake 3 * 




Day 

Figure 4. Impact of treatment with DAB486H--2 on induction of 
adjuvant arthritis in rats with preexisting antibodies to the 
diphtheria portion of the DAB^L^ molecule. Half of the 
animals were preimmunized with diphtheria toxoid and developed 
moderate levels of anti-diphtheria toxin antibodies which cross- 
reacted with DAB.t^IL-2 prior to immunization with adjuvant on 
day 0. Animals were treated with either Tris-buffered saline (naive, 
□; preimmune. O) or 0.5 mg/kg DABWL-2 (naive, □; preim- 
mune, O) on days - 1 to 9. Values are mean ± SEM for 10 
animals. 



a) Values are mean cpm ± SEM of quadruplicate 
cultures of five animals each. See Sect. 2.8 for 
details. • .• — .v ■;: _ vv.; /f . ^..,,7 

b) p<0.005 vs. buffer-treated : adjuvant : irnniu- ; 
nized animals (Student's Mest). c .. .<; t ^^; u 
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IL-2 activity in vivo. To evaluate the potential effect of 
anti-diphtheria toxin antibodies on DAB^IL-Z activity, 
rats were immunized with diphtheria toxoid prior to 
immunization with adjuvant and DAB486IL-2 treatment. 
At the time of immunization with A/, butryicum* these 
animals had moderate levels of antibodies to diphtheria 
toxin and DAB^IL-I (average ELISA titer of i : 125 and a 
neutralizing antibody level of at least 0.01 Unit/ml). How- 
ever, the presence of antibodies to diphtheria toxin did not 
alter the efficacy of treatment with DAB^EL-Z during the 
induction phase of disease (Fig. 4). The clinical course for 
both naive and preimmune animals was identical. 
DAB.486IL-2- treated animals, both preimmune and naive, 
had a peak mean arthritic index of 4 while control animals, 
both preimmune and naive, had a peak mean arthritic index 
of 13. 



3.6 Dm pact of delayed treatment with DAB^L-Z 

To investigate further the ability of DAB^IL^ to impact 
on the underlying bone destruction of adjuvant-induced 
arthritis, the effect of DAB486IL-2 treatment during esta- 
blished disease was examined. Unlike the effect observed 
with DAB4S6IL-2 treatment during the induction phase of 
disease, administration of the same dose of DAJB486IL-2 
starting after arthritic symptoms had developed on day 11 
and continuing until day 21, did not alter the measurable 
clinical signs of disease (Fig. 5). Histological sections of 
joints from rats which had received delayed treatment 
showed widespread mononuclear inflammatory infiltrate 
consistent with clinical signs of inflammation. However, 
radiographic analyses from three separate studies have 
shown that there was a trend towards a smaller percentage 
of animals with extensive bone erosion and new bone 
formation (grade 2 and 3) in the DAB486lL-2-treated group 
(24%) than in the buffer-treated control group (53%), 
despite similar clinical arthritic indices (p = 0.07, Fisher's 
exact test). 
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Figure 5. Impact of treatment with DAB486IL-2 on existing adju- 
vant arthritis. Animals were immunized with adjuvant on day 0 
^ and treated with either Tris-buffered saline (□) or 0.5 mg/kg 
I (□) on days 11 to 21. Values are mean ± SEM for 10 



Rat adjuvant arthritis is a classic model of T lymphocyte- 
mediated autoimmune disease which shares many clinical 
and pathological similarities with rheumatoid arthritis. This 
model provides an excellent opportunity to assess the 
efficacy of T lymphocyte-targeted therapeutic approaches. 
We have shown that treatment of adjuvant arthritis with an 
IL-2 receptor-targeted cytotoxin during the induction 
phase of disease dramatically altered its clinical course by 
greatly reducing chronic inflammation and bone erosion. In 
addition, adjuvant-reactive cells were shown to be partially 
eliminated by DAB^IIXZ treatment. Although treatment 
with DAB4$6lL-2 at the onset of clinical symptoms of 
disease did not alleviate acute inflammation, there was a 
trend towards a smaller percentage of animals with exten- 
sive bone erosion and new bone formation in the 
DAB486lL-2-treated group than in the buffer-treated con- 
trol group. Since acute inflammation is characterized by 
local invasion of IL-2 receptor-negative cells such as 
neutrophils, it is understandable that DAB486IL-2 treat- 
ment would have little effect on this feature of acute 
adjuvant arthritis. We are currently evaluating DAB436IL-2 
therapy in combination with anti-inflammatory agents in 
this model. 

Two other groups have evaluated IL-2 receptor-targeted 
therapies in rat adjuvant arthritis. Stunkel et al. [14] have 
shown that treatment with ART-18, a monoclonal antibody 
to the rat low-affinity IL-2 receptor subunit, completely 
inhibited the passive transfer of adjuvant arthritis. Howev- 
er, ART-18 was incapable of controlling disease induced by 
adjuvant immunization. Another IL-2 receptor-specific 
agent, IL-2-PE40, lessened the severity of arthritis that 
developed when it was administered during the induction 
phase of disease [15, 16]; however, neither antigen-specific 
cytotoxicity nor delayed treatment was addressed in this 
study. 

A major theoretical concern for the clinical use of 
DAB486IL-2 is the presence of preexisting antibodies to 
diphtheria toxin in the human population which could 
potentially decrease the efficacy of DAB4S6IL-2 treatment. 
Although several population* studies have shown that titers 
of anti-diphtheria toxin antibodies are quite low in adults 
[17-19], the possibility exists that cross- reactive antibodies 
could neutralize the action of DAB 41J6 IL-2. On the other 
hand, there are several reasons why such antibodies may 
not block intoxication of sensitive cells including the fact 
that anti-diphtheria toxin antibodies should not directly 
interfere with the binding of the IL-2 portion of the fusion 
toxin to the IL-2 receptor. In addition, the affinity of these 
antibodies for DAB^EL^ is much less than the affinity of 
the molecule for the EL-2 receptor. In the study presented 
here, immunization of rats with diphtheria toxoid prior to 
induction of adjuvant arthritis did not impair the efficacy of j 
DAB4S6IL-2. These rats had anti-diphtheria toxin antibody; 
levels which are similar to those of healthy individuals^ 
Clearly, measurement of antibody levels in a static in \ 
system is not predictive of potentially more dynamic in 1 
interactions. 

*:....•■ st 

DAB486IL-2 has previously been shown to be selectivelv 
immunosuppressive .in several murine model systec 
including delayed-type hypersensitivity and transplant 
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t rejection [20-23]. To date there has been no evidence of 
general immunosuppression in animals treated with 
DAB48aIL-2 or in patients with IL-2 receptor-expressing 
malignancies receiving DAB486IL-2 in phase I/II clinical 
trials. These attributes, together with the data reported 
here, provide support for the clinical evaluation of 
DAB^IL-- as a selective immunomodulator for the treat- 
ment of autoimmune diseases such as rheumatoid arthritis. 
Initial results from a phase I clinical trial in a small number 
of refractory rheumatoid arthritis patients have indicated 
that in contrast to currently available treatments, 
DAB486H--2 may be a fast acting well-tolerated anti- 
arthritic agent (D. Trentham, personal communication). 
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A human Immunodeficiency virus (HIV) type 1-transgenic mouse line (166) that previously 
showed up-regulated expression of viral proteins and infectious particles after infection with 
pathogenic agents was tested as a model for screening the in vitro and in vivo efficacy of 
inhibitors of HIV- 1 immune activation. Two types of interventions were assessed: use of either 
the immunosuppressive drug prednisolone or an HTV-1 envelope-targeted toxin (sCD4-PE40). 
Both agents inhibited lipopolysaccharide-induced p24 expression by splenocytes in vitro and, 
when administered to transgenic mice, suppressed the induction of plasma p24, as well as the 
ex vivo production of p24 and infectious virus stimulated by in vivo infection with Myco- 
bacterium avium. Moreover, HTV-1 mRNA levels in the spleen were greatly reduced in mice 
treated with either agent. Because HTV-1 expression cannot be induced in T lymphocytes from 
line 166 mice, this model may be of particular advantage for testing interventions that target 
virus production by non-T cell virus reservoirs. 



A major problem in the treatment of human immunodefi- 
ciency virus (HIV) type 1 infection is the existence of latently 
infected cells that constitute reservoirs for the re-emergence of 
active viral replication. Such reservoirs have been localized to 
both CD4 T cell populations and macrophage and monocyte 
cell populations and persist in the face of effective highly active 
antiretroviral therapy (HAART) [1-3]. Although not well un- 
derstood, the reactivation of latent HIV-1 appears to be influ- 
enced strongly by immunologic stimuli, including microbial 
coinfections [4-8] and vaccination [9-11]. Thus, the develop- 
ment of interventions that specifically block latent virus re- 
sulting from immune activation may be an important strategy 
both for reducing HIV-1 load during active infection and for 
long-term control of viral latency. 

Several agents have been tested for their ability to inhibit 
HIV-1 immune activation both in vitro and in limited clinical 
trials. These include immunosuppressive drugs (such as glu- 
cocorticoids [12-14] and thalidomide [15, 16]), retinoic acid [17, 
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18], cytokines (e.g., interferon-a and interleukin [ILJ-I3) 
[19-22], and antagonists of cytokines (e.g., IL-1, tumor necrosis 
factor [TNF]-o£, and macrophage colony-stimulating factor) 
[23-25], A basic problem encountered in previous studies, par- 
ticularly during in vivo trials, was the inability to directly assess 
whether the intervention tested targets the activation of inte- 
grated virus. 

We studied a transgenic (Tg) mouse model of HIV-1 immune || 
activation that offers an approach for screening and identifying 
inhibitors that specifically suppress proviral induction. Tg mice 
carrying intact or internally deleted HIV-1 DNA sequences 
have been used by several investigators to analyze factors in- 
volved in AIDS pathogenesis and in the control of viral gene 
expression [26-35]. We used Tg mouse line 166, which incor- 
porates the entire HIV-1 genome (including the long terminal 
repeat [LTR]) of the NL4-3 molecular clone inserted in multiple 
copies at a single integration site [30, 36]. Line 166 Tg mice 
constitutively express low levels of viral RNA and proteins [36, 
37] and, in contrast to other Tg mice that carry internally de- 
leted HIV sequences [27-34], fail to display identifiable im- 
munological defects or significant disease. When exposed either 
in vitro or in vivo to microbial stimuli, such as Toxoplasma 
gondii, Mycobacterium avium, or Escherishia coli endotoxin, 
cells from these mice up-regulate their expression of HIV-1-spe- 
cific genes, p24 core protein, and infectious virus, as detected 
by coculture with human T cells [36, 37]. In the line 166 Tg 
mouse model, antigen-presenting cells — such as monocytes and 
macrophages [37], dendritic cells, and B cells [38, 39] — rather 
than T lymphocytes appear to be the major sources of viral 
expression. There is growing evidence that antigen-presenting 
cells can serve as important virus reservoirs in infected humans, 
[40]. Since no lateral spread of HIV-1 infection can occur in 
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line 166 Tg mice because of the absence of the required human 
CD4 and coreceptor molecules, these mice also offer a means 
for studying the events involved in immune activation of in- 
terred virus in isolation from those required for infection and 
pr iagation. 

in the present study, we assessed the utility of the line 166 
Tg mouse as a model for screening agents that inhibit microbial- 
induced HIV- 1 expression. To do so, we tested 2 inhibitors 
described elsewhere [12, 14, 42, 43], first for their ability to 
block endotoxin (lipopolysaccharide [LPS]H n d uce d p24 ex- 
pression from Tg splenocytes and then for their suppression of 
in vivo p24 production stimulated by short-term infection of 
th mice with a virulent strain of M. avium. The 2 agents ex- 
ai ined have different modes of action. The first, the gluco- 
corticoid drug prednisolone, has been shown elsewhere to sup- 
press HIV-1 LTR activation by cytokine-stimulated transfected 
promonocytic cells in vitro [14]. AIDS patients treated with 
prednisolone for 1 year displayed transient increases in CD4 
cell counts and stabilized virus loads [12]. The effects of glu- 
cocorticoids on HIV-1 have been attributed to their known 
inhibition of NF-kB- and/or AP-1 -dependent transcriptional 
e ents [13, 41], The second agent, the envelope glycoprotein 
f t /ivj-targeted toxin soluble CD4 (sCD4)-PE40, is a genetically 
engineered chimeric protein containing the gpl20-binding re- 
gion of human CD4 linked to the translocation and ADP- 
ribosylation domains of Fseudomonas aeruginosa exotoxin A 
[42]. This hybrid toxin binds selectively to HIV-1 -infected cells 
and is translocated into the cytoplasm, where it inhibits protein 
synthesis, which results in cell death. Previous in vitro studies 
have demonstrated the efficacy of sCD4-PE40 in selectively 
i lling HIV-l-infected cells and in limiting virus spread [43]. 
Moreover, the chimeric toxin has been shown in vivo to enhance 
the capacity of HAART to suppress acute and chronic HIV-1 
infection in a model using SC ID mice with human fetal thymus 
and liver transplants [44]. The in vitro and in vivo effects of 
prednisolone and the chimeric toxin sCD4-PE40 on microbial- 
induced viral expression in HIV-l-Tg mice are described below. 

Materials and Methods 

HIV-l-Tg mice. Tg mouse line 1 66 was derived by transfecting 
the full-length wild-type NL4-3 viral clone into FVB/N mice, as 
described elsewhere [30, 36]. The mice have -20-60 copies of the 
transgene at a single integration site and transmit them in a stable 
Mendelian fashion. Tg mice were maintained by homozygous and 
heterozygous breeding under specific pathogen-free conditions in 
an escape-proof room within the animal care facilities of the Na- 
onal Institute of Allergy and Infectious Diseases (NIAID, Be- 
hesda, MD). Non-Tg FVB/N control mice were purchased from 
Division of Cancer Treatment/National Cancer Institute and were 
housed in the same room as the Tg mice. Age- and sex-matched 
Tg and control mice 8-12 weeks old were used in all experiments. 

HIV-1 inhibitors and controls. For in vitro studies, predniso- 
lone (Sigma, catalog number P-6004) was dissolved in ethanol and 



was used at a final concentration of 0.25, 2:5, or 25 ng/mL. Control- 
treated wells contained ^0.04% ethanol, which did not alter the 
production of HIV-1 p24 from cultured spleen cells. For in vivo 
treatment, prednisolone 21-hemisuccinate (Sigma, catalog number 
P-41 53) was used because of its water-soluble properties, thus elim- 
inating possible confounding effects of the ethanol vehicle. The 
glucocorticoid was administered orally at 30 mg/kg/day, a dose 
shown elsewhere to completely suppress Borrelia burgdorferi- 
induced arthritic joint swelling in mice [45]. 

The sCD4-PE40 and sCD4 molecules tested were donated by S. 
Johnson (Pharmacia- Upjohn). The CD4 portions of both mole- 
cules contain the first 2 extracellular domains. The PE40 portion 
contains the translocation and the cell-killing domains genetically 
engineered from P. aeruginosa exotoxin A. The molecules were used 
at 1-100 nM for in vitro studies. Mice were injected intraperito- 
neally (ip) with a dose of 40 /xg/kg mouse weight of either sCD4- 
PE40 or control sCD4 every other day for a total of 6 injections. 

Assay for inhibition of HIV- 1 expression in vitro. Spleens from 
2-5 uninfected Tg mice were disrupted through a nylon mesh, to 
obtain single-cell suspensions that were pooled and stimulated with 
100 ng/mL of E. coli 0128:B12 LPS (Sigma, catalog number L- 
2755), in the presence of the indicated inhibitors for the designated 
times. Controls included cells not stimulated with LPS or not 
treated with inhibitors. The cultures (5 x 10 6 cells/mL) were in- 
cubated at 37°C with 5% C0 2 in RPMI 1640 medium (Life Tech- 
nologies) supplemented with 10% fetal calf serum (HyClone), 10 
mM HEPES (Life Technologies), 2 mM glutamine (National In- 
stitutes of Health [NIH] stock), 100 U/mL penicillin, 100 ng/mL 
streptomycin (NIH stock), and 5.5 X 10" s M 0-2-mercaptoethanol 
(Life Technologies) (hereafter referred to as "complete medium"). 
Supernatants were removed daily for a 4-day culture period and 
were stored frozen at -20°C. 

In vivo assay for inhibition of HIV-1 expression induced by M. 
avium. To test the effect of inhibitors in vivo, we used a model 
in which Tg provirus was induced as a consequence of experimental 
infection with M. avium. The M. avium strain 2-151 SmT was 
obtained as a gift from A. Cooper (Colorado State University, Fort 
Collins). Bacterial stocks containing 10*- 10 10 cfu bactcria/mL in 
PBS were prepared and stored frozen at -70°C [46]. Mice were 
infected by intravenous injection of 10 8 cfu bacteria resuspended 
in a total volume of 200 jtL PBS, and inhibitor treatment was 
initiated immediately after infection. 

To assay p24 production in vivo, mice were bled from the tail 
vein 1 day before M. avium infection and also after termination of 
the experiment (day 1 1 after infection), by cardiac puncture, into 
EDTA- treated vacutainer tubes (Beckton Dickinson). Plasma sam- 
ples were separated, were stored individually, and were frozen at 
-20°C To determine p24 and HIV-1 production ex vivo, spleen 
cells from the Tg mice were cultured individually in complete me- 
dium containing 1 5 pg/mL ampicillin (Life Technologies), because 
penicillin and streptomycin are bacteriostatic for M. avium. Su- 
pernatants were removed after 24 h and were stored frozen at 
-20°C To determine bacteria load, spleen cells isolated from mice 
were diluted serially, from 10 6 to 10 2 cells/mL, in PBS and were 
cultured in duplicate on Middlebrook agar plates, as described 
elsewhere [46], The colony-forming units per spleen were calculated 
by multiplying the number of colony-forming units per 10 6 cells 
by the total number of cells in the spleen. 
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Quantitation of viral protein (p24) production. The HIV-1 p24 
nucleocapsid antigen was quantified by using a commercial ELISA 
kit (Beckman-Couiter), according to the manufacturer's instruc- 
tions. Supernatants from in vitro or ex vivo spleen cell cultures 
were diluted in complete medium, and p24 levels were determined 
in duplicate. Antigenemia was calculated as the .v-fold increase in 
plasma p24 on the day the experiment was terminated versus the 
preinfection level for each mouse, to control for p24 variability 
among individual mice. 

Quantitation of HIV- 1 gene expression in vivo by real- time reverse 
transcriptase ( RT)~polymerase chain reaction (PCRJ. Total 
RNA was isolated from portions (-25%) of spleen tissue by ho- 
mogenization in 1 mL RNA STAT-60 (Tel-Test), using a tissue 
polytron (Omni International), as recommended by the manufac- 
turer. The resulting RNA samples were resuspended in diethyl- 
pyrocarbonate-treated water and were quantitated spectrophoto- 
metrically. Single-strand cDNA was synthesized using the 
superscript preamplification system (Life Technologies). Amplifi- 
cation of env, gag, and HPRT cDNA was monitored with the 
fluorescent DNA-binding dye SYBR Green (Roche Diagnostics), 
using the LightCycler version 3 software system (Roche Diagnos- 
tics), according to the manufacturer's instructions. The following 
primer pairs were used: for HPRT, GTTGGTTACAGGCCAGA- 
CTTTGTTG (forward) and GAGGGTAGGCTGGCCTATAG- 
GCT (reverse); for HIV env, GGGGACCAGGGAGAGCATT 
(forward) and TGGGTCCCCTCCTGAGGA (reverse); and for 
HIV gag t CCAGATGAGAGAACCAAGGG (forward) and TT- 
GTGAAGCTTGCTCGGCTCT (reverse). LPS-stimulatedspleno- 
cyte cDNA was used to generate standard curves for each mRNA 
of interest. The results were calculated as the level of env or gag 
gene expression normalized to the HPRT control values for each 
sample. Three repeat env, gag, and HPRT reactions were done for 
each sample, and an aggregate mean ± SD was determined for 
each animal group. 

Assay for infectious virions. The multinuclear activation of a 
galactosidase indicator (MAGI) assay was used to detect replica- 
tion-competent virus particles, as described elsewhere [47]. In brief, 
the CD4-LTR/i3-galactosidase-transfected HeLa cells (provided to 
M. Martin, NIAID, by M. Emerman, Fred Hutchinson Cancer 
Research Center, Seattle) were plated at a density of 4 x I0 4 ceils/ 
well in 24-welI plates in complete medium 1 day before assay. The 
next day, spent medium was removed from the wells and was re- 
placed with 100 /iL or 10 of spent medium from experimental 
and control spleen cells cultured ex vivo for 24 h; the wells then 
were brought to a final volume of 180 with fresh culture me- 
dium. DEAE-dextran (20 of a 200 /ig/mL stock) also was added 
to each well. After 2 h at 37°C, 1 mL of warm complete medium 
was added, and the cultures were incubated for an additional 48 
h. Cells then were washed with PBS, were fixed with 1% formal- 
dehyde and 0.2% glutaraldehyde, and were stained with 4 mM 
potassium ferrocyanide, 4 mM potassium ferrocyanide, 2 mA/ 
MgClj, and 0.4 mg X-Gal/mL for 50 min at 37°C. Blue cells were 
counted using an inverted microscope at a final magnification of 
X100. Data are expressed as the number of 0-gaIactosidase- 
positive cells in a total of 4 different fields. 
■ Statistical analysis. Student's / test was used to evaluate the 
statistical significance between experimental and control Tg mice. 



Results 

Ability of agents to block L PS-induced p24 production $ 
vitro. Our previous study has shown that HIV-1 p24 expres - 
sion is significantly up-regulated when spleen cells from li ne i 
166 Tg mice are cultured in the presence of LPS [37]. We used ; 
this in vitro assay to pretest the efficacy of the 2 candidate 
inhibitors of HIV-1 activation examined in the present study. ' 
Single-eel! suspensions of splenocytes were cultured with a fixed " 
dose of LPS in the presence of increasing concentrations of 
each agent, and supernatants were assayed for p24 at 72 h, a 
time point at which production of this HIV-1 protein increases 
exponentially in the absence of inhibitors. 

The glucocorticoid drug prednisolone suppressed, in a dose- 
dependent manner, LPS-induced p24 production in spleen cells 
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Figure 1. Inhibition by prednisolone of lipopolysaccharide (LPS>- 
stimulated p24 protein expression by spleen cells from human immu- 
nodeficiency virus type 1-transgenic mice. A, Dose response. Ceils were 
incubated with or without LPS (100 ng/mL), in the presence of the j 
indicated concentrations of prednisolone, and supernatants were as- 
sayed for p24 at 72 h. B, Time course. Splenocytes were incubated in j 
complete medium alone or stimulated with LPS in the presence or 1 
absence of prednisolone (25 ng/mL), and supernatants were assayed J 
for p24 at the indicated times. Data represent the means of assays onf 
triplicate wells, with error bars indicating the SDs. The results shownj 
are representative of 2 experiments performed. 
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from Tg mice, with 25 ng prednisolone/mL causing nearly com- 
plete inhibition (figure \A) throughout the entire time course 
(fijr-' re \B). No effect of the ethanol vehicle was observed in 
the ame assay (data not shown). The observed suppression 
wa.« not due to cell toxicity, since the doses examined did not 
significantly affect macrophage, T cell, or B cell viability in 
LPS-stimulated cultures, as determined by propidium iodide 
staining and flow cytometry (data not shown). 

Dose-dependent inhibition of LPS-stimulated p24 produc- 
tion also was observed with the ewv-targeted toxin sCD4-PE40, 
with 100 nM sCD4-PE40 causing nearly complete suppression 
of *24 production, compared with that seen in unstimulated 
cel. (figure 2A). No effect of unconjugated sCD4 was observed 
at the same dose, thus demonstrating that the activity of the 
chimeric toxin is not simply due to binding of HIV- 1 -expressing 
cells to the toxin's CD4 moiety and requires the toxin portion 
of the molecule. Moreover, the inhibitory activity of sCD4- 
PE40 was abrogated in a dose-dependent fashion by the ad- 
dition of sCD4, with nearly complete competition achieved at 
100-fold excess (figure IB). The latter observation confirms that 
th effect of the toxin is dependent on interaction between the 
CD4 moiety and env expression on the stimulated cells and is 
not due to nonspecific cell killing. Nevertheless, we were unable 
to detect significant cell death in the toxin-treated splenocyte 
cultures (data not shown), by means of an MTT oxidation assay 
used in previous studies with sCD4-PE40 [48]. This observation, 
however, is consistent with previous findings that indicate that 
the percentage of HIV- 1 -expressing cells present in the spleen 
af*?r microbial activation is quite low [37] and, thus, is perhaps 
tc low to be revealed in a direct cell-killing assay. 

Effects of agents on microbial-induced activation of HIV- 1 
expression in vivo. To assay prednisolone or sCD4-PE40 for 
its ability to block the activation of HIV- 1 transgene expression 
in vivo, we used a model of M. avium infection in which bac- 
terial infection stimulates p24 production that is detectable both 
in plasma and in ex vivo splenic cultures [37]. In the protocol 
used, mice were infected intravenously with M. avium (10 8 cfu/ 
ir -use) several hours after the initial administration of the 
ac-.'nt, and p24 levels in plasma and spleen were measured on 
day 1 1 after infection. 

To test the in vivo effects of prednisolone, M. aWu/w-infected 
Tg mice were treated with the drug perorally on a daily basis 
for the entire period of the experiment. Prednisolone admin- 
istration resulted in a marked inhibition of the splegomegaly 
induced by bacterial infection, which is consistent with its 
krown anti-inflammatory effects (figure 3/1). Furthermore, 
p Jnisolone-treated infected mice harbored significantly more 
bacteria in their spleens than did untreated infected mice (figure 
3B). Despite the accompanying increase in bacteria load, both 
plasma p24 antigenemia (figure 3 Q and ex vivo production of 
p24 by spleen cells (figure 3D) were suppressed significantly in 
the infected mice treated with prednisolone. 
To test the in vivo effects of the env-targeted toxin sCD4- 
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Figure 2. Inhibition by envelope glycoprotein-targeted toxin (soluble 
CD4 [sCD4]-PE40) of lipopolysaccharide (LPS)-stimulated p24 protein 
expression in spleen cells from human immunodeficiency virus type 1- 
transgenic (Tg) mice. A. Eflects of sCD4-PE40 vs. unconjugated sCD4. 
Spleen cells from Tg mice were cultured in the presence of LPS (100 ng/ 
mL) and the indicated concentrations of sCD4-PE40 (in nA/) or sCD4 
(in nA/). B. Competition by sCD4 of sCD4-PE40-mediated inhibition 
of p24 production. Spleen cells were cultured in the presence of LPS (100 
ng/mL) and sCD4-PE40 (100 nAf) plus the indicated concentrations of 
sCD4. Results are percentage competition by sCD4, with 0% competition 
defined as the level of p24 measured in cultures containing sCD4-PE40 
in the absence of sCD4 and 100% competition defined as the level induced 
by LPS in the absence of sCD4-PE40. In both A and B, supernatants 
were collected at 72 h for p24 analysis (parallel results were obtained 
using 24-, 48-, and 96-h time points). Data represent the means of assays 
on duplicate wells, with error bars indicating SDs. The results shown are 
representative of 3 experiments performed. 

PE40, M. av/um-infected Tg mice were given the recombinant 
molecule ip every 48 h, beginning on the day of infection. In 
contrast with the glucocorticoid-treated mice, M avium- 
infected mice given the chimeric toxin showed no loss in spleen 
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Figure 3. Inhibition by prednisolone by Mycobacterium avium- 
induced human immunodeficiency virus type 1 p24 expression in vivo, 
despite enhanced bacterial replication. Starting at the time of infection, 
M. avium-exposed mice (n = 4) were treated daily with prednisolone (30 
mgflcg/day, orally) or were left untreated (n = 6). A third group (/i - 
3) consisted of age-matched, uninfected, untreated mice. Mice were killed 
1 1 days after infection and were analyzed individually, for spleen weight 
(A), bacterial colony-forming units per spleen (B), plasma p24 levels at 
day 1 1 relative to day 0 ("preinfection") for each mouse (C), and ex vivo 
production of p24 by spleen cell cultures (D). within 24 h. Data represent 
the means for each group of mice, with error bars indicating the SDs. 
The results shown are representative of 2 experiments performed. 



weight (figure A A) or significant alterations in splenic bacterid 
load (figure 4B) with respect to either infected mice treated with 
sCD4 or untreated infected control mice. Nevertheless, SCD4J 
PE40 significantly inhibited the M, av/w/n-mediated activation 
of p24 production, as measured in vivo in plasma (figure 4Q 
or ex vivo in spleen cells (figure 4D). This effect clearly was 
dependent on the toxin component of the molecule, because 
sCD4 failed to alter p24 expression when given in the same 
regimen. We also observed that sCD4-PE40 had no effect on 
the background expression of p24 in Tg mice not infected with 
M. avium (data not shown). M 

To confirm that the suppressed ex vivo expression of p24^ 
resulting from prednisolone or sCD4-PE40 treatment reflects ^; 
decreased viral gene expression in situ, env and gag mRNA ^ 
levels were quantitated by real-time RT-PCR in spleen samples || 
from control and drug-treated mice. As shown in figure 5, M. 
avium infection results in a >2-fold increase in splenic env and 
gag messages in Tg mice. Treatment with prednisolone or 
SCD4-PE40, but not sCD4, reduced the expression of mRNA J 
to the levels seen in uninfected mice. ^ 

Correlation between inhibition of activation of p24 and infec- 
tious virus production. To determine whether the reductions 
in p24 production observed in vivo after prednisolone or sCD4- 
PE40 treatment reflect suppressed production of infectious vi- 
rions, we used HeLa cells transfected with CD4 and an LTR-0- 
galactosidase reporter gene (MAGI assay) [47]. This assay 
detects the early steps in the replication cycle of the virus that 
lead to production of Tat and to the resulting activation of the 
integrated Lac-z gene, which is linked to the HIV-1 LTR. Low 
numbers of positive cells were observed when the MAGI cul- 
tures were exposed to splenocyte supernatants from Tg mice 
not infected with M. avium Although larger, these numbers 
were not significantly different from the background values de- 
tected using spleen-cell supernatants from non-Tg mice (FVB/ 
N, with or without M. avium infection). M. avium infection of 
Tg mice resulted in a >4-foId increase in the number of &~ 
galactosidase-positive cells detected in the assay (figure 6). This 
finding confirms and extends previous data that demonstrated 
increased RT activity in a human T cell line (MT4) after in- 
cubation with spleen cells from M. a v/um-infected Tg mice [37]. 
Together, both observations support the conclusion that small 
numbers of infectious particles can be assembled in Tg mice 
and that this process is up-regulated in response to microbial 
stimuli. 

Prednisolone treatment blocked the enhancement of infec- 
tious virion production resulting from A/, avium infection to 
the level seen in uninfected mice (figure 6). Treatment of M. 
av/wm-infected mice with sCD4-PE40 caused a lesser, but nev- 
ertheless highly significant, reduction in viral activity, relative " 
to that measured in untreated or control sCD4-treated infected 
mice. Our results show that the inhibition of microbial-stim- 
ulated p24 synthesis induced by these 2 interventions reflects 
changes in the production of infectious virions. 
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Figure 4. Inhibition by envelope glycoprotein-targeted toxin (soluble 
CD4 [sCO4}-PE40) of Mycobacterium av/ww-induced human immu- 
nodeficiency virus type I p24 expression in vivo. Starting at the time of 
infection, M. av/um-exposed mice were injected intraperitoneally every 
other day with sCD4 (n = 4) or with sCD4-PE40 (n = 6) at 40 jig/kg 
of u iht or were left untreated (« = 3). A fourth group {n = 3) consisted 
off. matched, uninfected, untreated animals. Mice were killed 1 1 days 
afte: infection and were analyzed individually, for spleen weight (A). 
bacterial colony-forming units per spleen (B), plasma p24 levels at day 
1 1 relative to day 0 ("preinfection") for each mouse (C), and ex vivo 
production of p24 by spleen cell cultures (D). within 24 h. Data represent 
the means for each group of mice, with error bars indicating the SDs. 
The results shown are representative of 2 experiments performed. 



Discussion 

The find ings reported here establish the line 166 Tg mouse 
model as a useful tool for screening immunologic and phar- 
macologic interventions that inhibit the activation of integrated 
HIV-1. In the protocols that we have described, agents can be 
tested first for their suppression of endotoxin-induced p24 se- 
cretion by Tg spleen cells. They then can be assessed for their 
ability to block in vivo induction of either p24 or infectious 
virus by a secondary pathogenic agent— in this case, M. avium. 
A major advantage of this Tg mouse model is that inhibitors 
of HIV-1 activation can be studied without accounting for com- 
plications associated with spread of the viral infection, since 
mice lack the essential functional primary receptor (human 
CD4) and coreceptors (human CC chemokine receptor 5 and/ 
or CXC chemokine receptor 4) required for HIV-1 entry. 

To demonstrate the utility of our model, we tested 2 distinct 
types of interventions that attack different targets in the in- 
duction of integrated virus. The first intervention, the gluco- 
corticoid drug prednisolone, is an anti-inflammatory agent that 
is likely to inhibit HIV-1 expression indirectly through its sup- 
pression of the immune response induced by LPS or M. avium 
microbial stimuli. By inhibiting the microbial-induced produc- 
tion of proinflammatory cytokines, such as TNF-a, IL-1, and 
IL-6, glucocorticoids thus could suppress viral induction. Al- 
though prednisolone can suppress transcription factors in- 
volved in inflammation, other effects, such as an increase in 
anti-inflammatory gene transcription and histone deacetylation 
[41], may contribute to the inhibition of the HIV-I LTR pro- 
motor. Moreover, in vitro studies have demonstrated direct ef- 
fects of these drugs on NF-fcB-dependent transcriptional ac- 
tivation of the HIV-1 LTR [14, 23]. In our experiments, 
prednisolone clearly suppressed LPS-induced p24 production 
in vitro by a mechanism that did not involve cell death. The 
immunosuppressive effects of the drug were evident in vivo 
from the decreased weight of the spleen and increased bacteria 
load in the treated mice. Nevertheless, because prednisolone- 
injected mice showed increased rather than decreased bacteria 
counts, the suppression of in vivo virus levels in the spleen and 
plasma cannot be attributed to an indirect effect on host re- 
sistance to the M. avium infection. Although the precise mech- 
anism of action of prednisolone was not addressed in the pres- 
ent study, our experiments clearly demonstrated the ability of 
our model to discriminate between the effects of immuno- 
pharmacologic inhibitors on immune activation of HIV-1 and 
immunologic control of the inducing pathogen itself. 

sCD4-PE40, the second intervention tested for its effects on 
line 166 Tg mice, was specifically directed at HIV-1 -expressing 
cells rather than at a host pathway involved in viral induction. 
This env-targeted chimeric toxin was highly active in blocking 
LPS-induced p24 production. The lack of activity of uncon- 
jugated sCD4 in the same assay suggests that the reductions 
in p24 expression induced by sCD4-PE40 are due to toxin- 
mediated killing of HIV-1-expressing cells. Moreover, the ef- 
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Figure 5. Effects of prednisolone or envelope glycoprotein (env)- 
targeted toxin (soluble CD4 [sCD4]-PE40) administration on Myco- 
bacterium flvmm-induced human immunodeficiency virus type 1 
mRNA expression in vivo. mRNA samples were prepared from spleen 
cells from individual uninfected {n - 2) or M, avzum-infected (n = 2) 
transgenic (Tg) mice (left) or from individual infected or control mice 
treated with prednisolone, sCD4-PE40, or sCD4 (right), as in figures 
3 and 4. Real-time reverse transcriptase-polymerase chain reaction for 
the env, gag, and HPRT genes was done on cDNAs derived from each 
sample, and amplification was monitored using a LightCycler appa- 
ratus (Roche Diagnostics), as described in Materials and Methods. The 
level of env and gag gene expression relative to the HPRT control was 
calculated for each sample. Data represent the means calculated from 
the pooled triplicate determinations done for each mouse in each group, 
with error bars indicating the SDs. *P < .01, compared with uninfected 
controls. 



fects of the env-targeted chimeric toxin are specific, because they 
could be competitively inhibited by unconjugated sCD4. sCD4- 
PE40 blocked the in vivo elevation in plasma p24 levels induced 
by A/, avium infection, without affecting spleen weight or bac- 
teria load. Similar suppressive effects were observed for ex vivo 
p24 production by spleen cells from M. avium-infected Tg mice 
and the production of infectious virions by the same cell pop- 
ulations, as well as the in situ expression of transcripts for the 
env and gag genes. These results for the e/iv-targeted chimeric 



toxin suggest that the line 166 Tg mouse, in addition to being 
a useful tool for screening inhibitors of immune activation, also 
can be used effectively to test agents that directly target elements' 
in the virus life cycle. 

Although clearly applicable to the examples described here, 
the Tg mouse model we used has several limitations as an ia 
vivo assay for interventions that target HIV- 1 expression. First, 
because the model only reveals effects on the induction of in. 
tegrated virus, it cannot be used to assay treatments designed M 
to attack preintegration steps in the HIV-l life cycle (e.g., in. ; 
hibitors of RT). Furthermore, because the mouse lacks the nec- ■ 
essary surface receptors for the virus, the model is inappropriate P 
for testing inhibitors of HIV-l fusion or entry (e.g., chemokine- 3$ 
receptor antagonists). An additional limitation that we en- * 
countered concerns the ex vivo assay used for measuring in 
vivo effects of the interventions tested. Although spleen cell 
cultures revealed a clear-cut blockade of M. aviu/w-inducedp24 
and infectious virion production, these effects were found to 
be short-lived in vitro, disappearing after 48 h of incubation 
in the case of either prednisolone or sCD4-PE40 treatment (data W 
not shown). We interpret this ex vivo loss in activity as a re- S 




Infected FVB/N 



(3-GaIactosidase -positive cells 

Figure 6. Effects of in vivo inhibitor administration on Mycobacte- . : 
rium av/wwi-induced human immunodeficiency virus (HIV) type 1 ex- 
pression, as measured by the ex vivo production of infectious virions, j 
M. avi'um-infected and uninfected transgenic (Tg) mice were treated with 
the indicated drugs, as in figures 3 and 4. Mice were killed at 1 1 days 
after infection, and spleen cells were cultured for 24 h. Supernatants then j 
were analyzed for infectious HIV-l virions by using the multinuclear f 
activation of a galactosidase indicator (MAGI) cell assay, in which virufr- \ 
infected cells are stimulated to express /3-galactosidase. Supernatants of | 
spleen cells from M. av/um-infected and uninfected non-Tg FVB/N miccf 
were analyzed as background controls. Data represent the means for each J 
group of mice: Tg, infected {n - 4); Tg, infected, prednisolone treated! 
(n = 4); Tg, infected, envelope glycoprotein-targeted toxin (soluble CD41 
(SCD4J-PE40) treated (n = 3); Tg, infected, sCD4 treated (n = 4); TgS 
uninfected {n = 2); non-Tg, infected (n = 2); and non-Tg, uninfected! 
{n = 2). Error bars indicate the SDs. The results shown are representative^ 
of 2 experiments performed. Nos. on the right are P values. 
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■overv of virus expression after the removal of the cells from 
ihe suppressive agent during the transition to in vitro culture. 
In the case of sCD4-PE40, this recovery may reflect the ap- 
pears of new e/ir-expressing cells during extended culture. 
Renai\ s *. since the expression of viral mRNA in freshly ex- 
planted spleen tissue also is reduced dramatically as a conse- 
quence of either sCD4-PE40 or prednisolone treatment, the ex 
vivo p24 assay appears to faithfully reflect the effects of these 
interventions on viral induction in vivo. 

A further limitation of the line 166 Tg mouse model may 
actually represent a unique advantage. For reasons that are not 
vet cle;ir. viral expression in the line 166 Tg mouse (as opposed 
to an cr. recently described Tg mouse line that incorporates 
full-le: ;th HIV-1 DNA [26]) cannot be induced from T lym- 
phocytes, even by polyclonal stimulation; instead, viral ex- 
pression appears to originate primarily from antigen-presenting 
cells [37-39]. Therefore, interventions that target T cell-specific 
pathways of HIV-1 induction cannot be tested using these an- 
imals. Nevertheless, given the growing interest in non-T lym- 
phocyte reservoirs of HIV-1 infection [40], this restriction may 
be a vseful aspect of the line 166 Tg mouse model. Thus, by 
offer: ; the ability to rapidly test candidate inhibitors for their 
activity both in vitro and in vivo, the model may provide a 
powerful and cost-effective screening tool for the identification 
of novel interventions for blocking HIV-1 expression from these 
non-T cell sources. 
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Highly active antiretroviral therapy has decreased the morbidity and mortality of human im- 
munodeficiency virus (HIV) infection, but latently infected cells remain for prolonged periods. 
CD4* CD45RO* T cells are a major latent virus reservoir in HIV-infected persons. Replication- 
competent, latently HIV-infected T cells can be generated in vitro by infecting peripheral blood 
mononuclear cells with HIV and then eliminating the HI V-producing cells with an anti-CD25 im- 
munotoxin (IT). The CD25" latently infected cells then can be eliminated with an anti-CD45RO 
IT. This study determined whether this IT also could kill latently infected CD4 T cells from 
HIV-infected persons with or without detectable plasma viremia. The results show that ex vivo 
treatment of cells from HIV-positive persons by anti-CD45RO IT reduces the frequency of both 
productively and latently infected cells. In contrast, CD4* CD45RA* naive T cells and a propor- 
tion of CD4* CD45RO'° memory T cells are spared. 



Current treatment guidelines for human immunodeficiency 
virus (HIV) infection recommend the use of highly active anti- 
retroviral therapy (HAART) to maximally reduce the levels of 
circulating virus [1]. Even when treatment is successful and 
virus levels in plasma fall below the level of detection, long- 
lived latently infected cells remain [2-7], and the withdrawal 
of HAART almost invariably leads to a rebound in viremia [8]. 
Although there are several potential virus reservoirs, including 
macrophages [9], microglial cells in the central nervous system 
[9], seminal fluid cells (which may include macrophages and/or 
T cells) [9- 1 1], thymocytes [12], and resting CD4 T memory 
cells [9], long-term persistence of HTV has been best document- 
ed in CD45RCT T cells [2,3,9, 13, 14]. Previous studies showed 
a biphasic decay in the frequency of these latently infected rest- 
ing CD4 T cells after the initiation of HAART [3, 15- 1 8]. The 
more rapid initial phase may reflect the decay of cells with lin- 
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ear nonintegrated HIV-1 DNA. The remaining pool of latently 
infected cells is extremely stable and is most likely due to 
the long-term survival of cells in the postintegration phase of 
latency [3, 5, 9, 19]. 

When considering the side effects and cost of long-term 
HAART, it is important to develop new strategies to reduce or 
eliminate latent virus reservoirs or to prevent them from becom- 
ing activated. One strategy is to stimulate the latent T cells with 
interleukin (IL)-2 in the presence of HAART, to exhaust the 
reservoir [19-23]. Another strategy is to intensify the antiretro- 
viral therapy, to further decrease viral replication so that the res- 
ervoir cannot be sustained [9, 16]. In addition, cyclosporine A, 
an immunosuppressive drug with some anti-HIV activity, has 
been used to prevent these resting cells from becoming activated 
[24-27], in some cases with significant and sustained increases 
in numbers of CD4 T cells [26]. Recently, investigators evalu- 
ated cyclophosphamide in combination with HAART but found 
no effect on HIV DNA [28]. A variety of vaccine approaches 
currently under investigation [29-31] might also decrease la- 
tent reservoirs, but this remains to be tested. 

Our work has focused on the development of immunoto*yis 
(ITs) to kill CD25 " resting latently infected T cells. In previously, 
published studies, normal peripheral blood mononuclear cells x \ 
(PBMC) first were infected with HIV in vitro and then were treat- 
ed with an anti-CD25 IT to eliminate CD25* activated T eel Is pro- 
ducing virus [32-34]. The resting CD25" cells remaining after 
treatment did not produce HTV unless they were activated [33]; 
these cells harbored nonintegrated, incomplete reverse-tran- 
scribed DNA transcripts, but lacked full-length (FL), reverse- 
transcribed viral DNA [35]. By using this in vitro model of prein- 
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tegration latency, we showed that the anti-CD45RO IT, UCHL- 1 
deglycosylated ricin A chain (dgRTA), virtually eliminated 
CD25" latently infected cells [34]. 

I: he present study, we determined whether this anti-CD45RO 
IT . > would kill latently infected cells of HIV-positive persons 
with or without detectable viremia. We also analyzed the in vitro 
effect of this IT on T cells from these subjects. 



Methods 

Study design. The objective of this study was to determine 
w! 4 l ier an IT against CD45RO could reduce the frequency of CD4 
la , replication-competent, HIV-infected T cells from HlV-post- 
ti\ , subjects with or without detectable viremia. This was accom- 
plished by using limiting dilution cultures in which triplicates of 
4 different concentrations of purified CD4 T cells were incubated 
for 6 days with complete medium (CM), an anti-CD25 IT, an anti- 
CD45RO IT, or a combination of both ITs. The remaining cells then 
werecocultured with phytohemagglutinin (PHA)-activated PBMC 
to recover replication-competent virus, as determined by p24 pro- 
duction. The frequency of HIV-infected cells was determined by 
r :f multiple regression analysis, as described elsewhere [36-38]. 

• Fs. ITs were prepared by coupling monoclonal antibodies 
(MAbs) to dgRTA, as described elsewhere [39]. The following 
MAbs were used: UCHL- 1 , a murine IgG2a directed against human 
CD45RO [40], and RFT5; a murine IgGl directed against human 
CD25 [41]. Previous studies using irrelevant ITs showed that they 
do not nonspecifically kill cells lacking the target antigen [34]. 

HIV-positive patients. HIV-infected patients with detectable 
viremia were recruited from the Amelia Court Clinic (University 
f" Texas Southwestern Medical Center, Dallas). All subjects had 

actable HIV plasma viremia and CD4 cell counts >200 cells/ 
mnr\ Subjects were enrolled regardless of past or present treat- 
ments. The 3 patients with plasma viremia below the limit of de- 
tection (<50 copies HIV RNA/mL) who were receiving HAART 
were recruited from the Moore Clinic (Johns Hopkins University, 
Baltimore). 

Limiting dilution cultures and ex vivo treatment of cells with ITs. 
For the samples prepared at the University of Texas, fresh PBMC 
were obtained by centrifugation of heparinized blood over ficoll- 

■ paque. CD4 T cells then were isolated by negative selection. 
..sing CD4 T cell isolation kits (Miltenyi Biotec). Cells were 
cultured in limiting dilution in triplicate wells in 24-well plates 
with 4 different cell concentrations (range, 5 X 10**5 x 10 6 cells/ 
well). Cells were cultured in either CM (RPMI 1640, 15% heat- 
inactivated fetal calf serum, L-glutamine, 10% IL-2, and anti- 
biotics) or CM plus ITs at a concentration of 10 nM each. Cells 
were treated with either the anti-CD25 IT, the anti-CD45RO IT, 
or the combination of the two. After 6 days in culture, cells were 
washed twice with RPMI 1640 and were cocultured for 6 days 

vith 10 6 PHA-activated allogeneic PBMC/well. These PBMC 
were obtained from HIV-negative donors and were cultured with 
PHA for 3 days before their addition to the cultures. On day 12, 
cell supernatants were harvested, and p24 levels were determined. 
Cell frequencies were determined by using a multiple regression 
equation, which correlates the cell concentration with the percent- 



age of wells lacking detectable levels of p24 production [36-381. 
This method is based on the hypothesis that the number of func- 
tional cells per volume of sample follows a Poisson distribution 
and that, at a cell concentration at which 66% of the wells are nega- 
tive, there is I functional (i.e., HIV-producing) ceil per well [37]. 
A p24 concentration of ^30 pg/mL was considered to be positive 
for virus production. In some experiments, cells were harvested 6 
days after IT treatment and before coculture for flow cytometric 
analysis. For the 3 patients studied at Johns Hopkins, CD4 cells 
were obtained by magnetic bead depletion of B cells, monocytes, 
CD8 cells, and NK cells, as described elsewhere [4, 13, 42]. • 

Resting CD4 cells were isolated by removing activated CD4 T 
cells, using MAbs against CD25, CD69. and HLA-DR. Resting 
cells were treated with IT for 6 days, with fresh IT added on day 3. 
Cells then were washed and counted. The frequency of latently 
infected cells was determined using a previously described limiting 
dilution culture assay [2-4]. Input cell concentrations were normal- 
ized on the basis of the number of cells in control wells after 6 days 
of incubation. 

Statistical analysis. Regression lines were calculated and plot- 
ted by using SigmaPlot 2000 software (SPSS Science). 

Flow cytometric analysis. Six -parameter flow cytometric anal- 
ysis was performed on a 4-coIor FACSCalibur flow cytometer 
(Becton Dickinson). The criteria for defining and quantifying mem- 
ory and naive T cells have been described elsewhere [43]. Naive 
cells are CD95'°, CD27 hi , CD45RO", and CD45RA*, and memory 
cells are CD95 hi , CD27 heiero * cncous , CD45RCT, and CD45RA 1o/ ". 
Small numbers of CD4* memory T cells and up to 50%-80% of 
CD8 memory T cells are CD45RO~ /to , CD45RA\ 

p24 assays. The production of p24 antigen in cell-free super- 
natants was measured using a commercial ELISA kit (NEN Life 
Science Products). Values were expressed as picograms per millili- 
ter. Wells were considered to be positive when p24 levels were >30 
pg/mL. 

Polymerase chain reaction (PCR). In each experiment, ~I0 b 
CD4 T cells were used for PCR, as described elsewhere [33, 35]. 
As an internal standard for HIV DNA, we used 8E5 cells from the 
National Institutes of Health AIDS repository; 8E5 cells contain a 
single integrated copy of pro viral HIV DNA per cell [44]. The 
viral genome was amplified by primers corresponding to RU5 and 
FL HIV DNA, as described elsewhere [33, 35]. We used RU5 to 
identify early HIV- 1 DNA fragments. We also used FL to demon- 
strate the formation of nearly completely synthesized HIV-1 DNA. 
since FL represents the last region of the minus strand of viral 
DNA that is synthesized. The amplified FL region of the HIV-1 ge- 
nome corresponds to a 161 -bp fragment spanning residues 43-203 
[33, 35].. Normal PBMC from seronegative donors were used as 
negative controls. This assay can routinely detect 1 copy of HIV 
proviral DNA/10 6 cells when RU5 is analyzed and 10 copies/10 6 
cells when FL is analyzed. 



Results 

Patients with detectable viremia. Blood samples from 13 
HIV-infected persons with detectable plasma viremia who were 
undergoing a variety of therapies were obtained from the Univer- 
sity of Texas (table 1).CD4 cell counts were 193- 1067 cell s//xL 
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Table 1. Ant i retroviral therapy, plasma virus load, and CD4 T cell 
count of each subject at study enrollment. 

Virus load, HIV CD4 cell 
Group, patient Treatment RNA copies/mL count. cells//iL 



Detectable viremia 



1 


Naive 


19.547 


327 


2 


Naive 


404.835 


251 


3 


Naive 


18.561 


512 


4 


None 


59.910 


688 


5 


None 


39.000 


547 


6 


None 


7921 


460 


7 


RemmuneO 


1234 


524 


8 


3TC/ddI/Nfv 


103.521 


419 


9 


ddI/d4T/Nfv 


4508 


754 


10 


None 


2626 


482 


11 


ldv/Zdv/3TC 


3963 


635 


12 


ddI/d4T/Nfv 


120.020 


193 


13 


Nfv/2dv/3TC 


73.754 


1067 


r iremia below level 








of quantitation 








14 


Zdv/3TC/ldv 


<50 


844 


15 


Zdv/3TC/Abc/Efv 


<50 


1396 


16 


d4T/3TC/Nfv 


<50 


989 



NOTE. 3TC, lamivudine; Abe. abacavir; d4T. stavudine: ddl. didanosine; 
Efv. efavirenz; HIV. human immunodeficiency virus; Idv. indinavir; Nfv, 
nelfinavir, Zdv, zidovudine. 

(median, 512 cells/^xL). Levels "of HIV RNA in plasma were 
2626-404,835 copies/mL (median, 19,547 copies/mL). 

Patients with viremia below the levels of detection. Blood 
samples from 3 patients receiving HAART who had prolonged 
suppression of plasma viremia (<50 HIV RNA copies/mL) for 
47-56 months were obtained by apheresis at Johns Hopkins 
(table 1). Previous studies documented the persistence of stable 
reservoirs of latent HIV in resting CD4 T cells in these same 
patients [2-4, 13]. 

Flow cytometric analysis of IT- treated CD4 T cells. To 
characterize the effect of treatment with the ITs on the different 



lymphocyte subpopulations, samples from 3 additional persons 
were analyzed after culture with CM or ITs and before acti- 
vation with PHA-stimuIated PBMC. Treated cells were ana- 
lyzed for the expression of CD25, CD45RA, and CD45RO and 
for memory and naive phenotypes [34] (figure 1 and table 2). 
Both the anti-CD25 and anti-CD45RO ITs eliminated their 
target cells in a highly effective and specific fashion (table 2). 
Row cytometric analysis demonstrated that 5.6%-7.1% of CM- 
treated cells (controls) were CD25\ Treatment with the anti- 
CD25 IT yielded a population of T cells that contained < I % 
CD25* cells (table 2) and were, therefore, resting cells. Treat- 
ment with the anti-CD45RO IT reduced the percentage of 
remaining CD45RCT T cells from 33%-50% to 1.5%- 3% 
(table 2), and surviving cells were CD45RO'°. When cells were 
treated with the combination of the anti-CD25 and anti-CD45RO 
ITs (table 2), comparable reductions in the numbers of both 
CD25* and CD45RQ* T cells were observed. None of these 
ITs decreased the percentage of cells lacking the target antigen. 
Hence, the percentage of CD45RA* T cells was 47%-60% in 
CM-treated cells and 34%- 7 1% in cells treated with the differ- 
ent ITs (table 2). Therefore, as shown elsewhere by using cells 
infected with HIV in vitro, both the anti-CD25 and anti-CD45RO 
ITs are effective and specific [34]. 

When CD4 memory T cells were analyzed in control CM- 
treated cells, there were 53%-67% memory cells (both CIMSRO* 
and CD45R0 10 ; table 2). After treatment with the anti-CD45RO 
IT, 6%- 14% CD45R0 10 memory cells remained. A similar per- 
centage of CD45R0 10 memory cells (4%- 19%) remained after 
treatment with the combination of the anti-CD25 plus the anti- 
CD450 ITs (table 2). The surviving CD45RO l ° memory cells 
were not productively infected, as determined by the lack of 
p24 production after activation (see below). 

HIV latently infected cells from persons with detectable plas- 
ma viremia are eliminated ex vivo with either the anti-CD45RO 
IT alone or in combination with the anti-CD25 IT. CD4 T 
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Figure 1. Flow cytometric analysis of CD4 T ceils 6 days after treatment with different immunotoxins (ITs) in I patient. Left panels, 
CD45RO* cell percentages: 36.6% after incubation with control medium (CM; A ), 36.3% after treatment with anti-CD25 IT (B), 1.2% after treat- 
ment with anti-CD45RO IT ( C). and 0.76% after treatment with both ITs (D). Right panels, CD25* cell percentages: 7.3% after culture with CM 
(A), 0.7% after culture with anti-CD25 IT (B), 8.56% after culture with anti-CD45RO IT (C), and 0.3% after culture with both ITs (/>). • 
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Table 2. Summary of flow cytometric analyses of cells from 3 subjects after incubation with different inv 
munotoxins (ITs). 









Phenotype, % 






IT 


Memory 3 


Naive h 


CD45RO* 


CD45RA* 


CD25* 


Control medium 

Anti-CD25 

Anti-CD45RO 

Anti-CD25 plus anti-CD45RO 


60 (53-67) 
51 (41-60) 
9.5 (6-14) 
12(4-19) 


40 (33-47) 
49 (39-59) 
90 (86-94) 
88 (81-95) 


41 (33-50) 
40(33-15) 
2 (1.5-3.0) 
1.5(1.1-2.0) 


52 (47-60) 
42 (34-55) 
59(56-61) 
64(53-71) 


6.3 (5.6-7.1) 
0.4 (0.4-0.5) 
12 (8.9-15.2) 
0.8 (0.7-0.9) 



"Memory cells are defined as CD95 hi , CD45RO*, CD27 hcwm * cncWtt \ CD45RA U 
"Naive cells arc defined as CD95 to , CD27 hi , CD45RCT, and CD45RA*. 



ce'ls were isolated and cultured in limiting dilution for 6 days 
v. either CM, the anti-CD25 IT, the anti-CD45RO IT, or a 
conibination of both. Cells then were cocultured with PHA-ac- 
tivated allogeneic PBMC to activate the remaining viable cells, 
to detect productively infected, replication-competent, cells by 
measuring p24 concentrations in cell supernatants. 

We used multiple regression analysis to calculate the frequen- 
cies of HIV replication-competent CD4 cells [36-38] (figure 2). 
The regression coefficients (r : ) always were >.8. Because of the 
.se of concentrations of cells that were used in the limit- 
:. £ dilution assays, the frequency detected was 0.6-25 HIV- 
infected cells/10 6 CD4 T cells. 

Cells obtained from patients 2, 4, 6, 8, 9, and 13 were treated 
with the anti-CD25 IT'and then were cocultured in limiting 
dilution with PHA-activated cells. Since the anti-CD25 IT 
eliminates the cells actively producing HIV, coculturing the 
CD25" CD4* T cells with PHA-activated PBMC allowed us 
to determine the frequency of latently infected cells (which 
an subsequently produce HIV after activation) [32, 33]. As 
>hown in table 3, p24 was detected in the cultures of all 6 
samples evaluated, and there were 5 to > 20 latently infected 
cells/10 6 CD4 T cells (table 3). 

When we analyzed the cells cultured with anti-CD45RO IT 
alone or in combination with the anti-CD25 IT, we could not de- 
tect p24 in any of the microwells containing cells treated with 
either the anti-CD45RO IT (8 patients; table 3), or the anti-CD25 
plus CD45RO ITs (10 patients; table 3). Therefore, the frequen- 
cy of HIV-infected cells (both productively and latently infect- 
ed) in cultures treated with anti-CD45RO IT was below the 
limit of detection of our assay (< 1 HIV-infected cell/10 6 CD4 
T cells; table 3). These results indicate that, after treatment 
with the anti-CD45RO IT, the number of HIV-infected cells 
was reduced by a minimum of 3-20-fold. 

FL HIVDNA provirus from CD4 T cells could not be detected 
after treatment with anti~CD45RO IT and subsequent activation 
of surviving cells. PCR was performed onCD4Tcells ob- 
tained from 5 subjects after 6 days in culture with or without 
ITs, followed by 6 days of coculture with PHA-activated allo- 
genic PBMC. After coculture, DNA was extracted from the cells, 
and RU5 and FL fragments were amplified by PCR. RU5 and FL 
fragments were identified in activated CD4 T cells that had been 



treated with the anti-CD25 IT (2 samples; figure 3 and table 4). 
p24 production also was detected in the supernatants of these 
samples. In contrast, RU5 but not FL. DNA could be detected 
in activated CD4 T cells that had been treated with the anti- 
CD45RO IT either alone (4 samples) or in combination with the 
anti-CD25 IT (5 samples). Compared with cells treated with CM 
or the anti-CD25 IT (and then activated), p24 was never detect- 
ed in activated cells that were treated previously with the anti- 
CD45RO IT. Although the PCR used was not quantitative, the 
presence of FL DNA correlated with the detection of p24 in 
the samples analyzed, and FL DNA could not be detected in 
cells treated with anti-CD45RO IT. * 

The anti-CD45RO IT significantly reduced the frequency of 
latently infected cells obtained from patients with plasma vire- 
mia below the limit of detection who were receiving HAART. 
Patients with plasma viremia below the limit of detection who 
had been receiving HAART for long periods (patients 14-16) 
and were documented previously to have cells in the postinte- 
gration phase of latency [2, 1 3] were studied to assess the effects 
of ITs on these cells (table 3). Highly purified resting CD4 T 
cells were isolated from these patients, as described elsewhere 
[13], and the cells were cultured for 6 days, with either CM or 
with the anti-CD45RO IT. The frequency of highly purified CD4 
HIV latently infected cells determined by a limiting dilution cul- 
ture assay [2] was 0. 1 -6.0/1 0* resting CD4 T cells in the blood 
of these patients. Treatment with anti-CD45RO IT significantly 
reduced the frequency of these latently infected cells. In patient 
14, latently infected CD4 T cells were reduced by 95% (i.e., 
from 6 to 0.3/10 6 resting CD4 T cells). Likewise, there was an 
81% reduction in latently infected cells in patient 15 (from 2.7 
to 0.5/10 6 CD4 cells). Patient 16, who had few latent cells to 
begin with, showed a 60% reduction (from 0.1 to 0.04/I0 6 
cells). These results indicate that, after treatment with anti- 
CD45RO IT, the number of HIV latently infected CD4 cells 
obtained from persons with no detectable plasma viremia^ and 
integrated viral genome was decreased, but this reduction varied 
among the 3 patients tested (table 3). Taken together with the 
data from patients 1-13, these results suggest that the anti- 
CD45RO IT kills not only the productively infected but also 
many of the latently infected CD4 T cells harboring both inte- 
grated and nonintegrated HTV DNA. ... 
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Figure 2. Regression curves from limiting dilution assays on CD4 
cells of 2 patients. By multiple regression analysis, frequencies of 
human immunodeficiency virus (HIV) type 1 -infected cells/10 6 CD4 
T cells in each subject were determined. A, Patient 9 had plasma vire- 
mia of 4508 HIV RNA copies/mL and a CD4 cell count of 754 cells/ 
ML. Nos. of HIV-l-infected cells after treatment with complete medi- 
um (CM; O) or anti-CD25 immunotoxin (IT; V) were 14 and 5/1 0 6 
CD4* T cells, respectively. After treatment with a combination 
of anti-CD25 and anti-CD45RO ITs (□), this frequency decreased 
to <1/10 6 cells (r = .80 for CM, 0.90 for CD25, and 1 for CD25/ 
45RO). B f Patient 2 had plasma viremia of 404,835 HIV RNA co- 
pies/mL and CD4 cell count of 251 ce!ls//xL. Frequencies of HTV-1- 
infected cells after treatment with CM (O), anti-CD25 IT (V), or a 
combination of anti-CD25 and anti-CD45RO ITs (□) were 14, 15, 
and <1 cells/10 6 CD4 T cells, respectively (r 2 = .89 for CM 90 
for CD25, and 1 for CD25/45RO). 



Discussion 

HIV latency remains a significant obstacle in the management 
f HIV infection [2, 7-9, 14]. Although there are several reser- 
v irs for the vims, a maj r one is the reservoir of latently in- 
fected resting CD4 T cells in the lymphoid tissues and blood 
[5, 9, 12, 14, 16, 20, 45-47], To what extent elimination of this 
T cell reservoir will affect virus rebound after the withdrawal 



of HAART is unknown. To date, few approaches have been 
aimed at actually killing the ceils in the latent reservoir. Several 
groups have used IL-2 activation to "flush" these cells out in the 
presence of HAART [19-23, 48] with some encouraging results. 
When combined with HAART, there have been increases in 
CD4 T cells, reductions in plasma viremia [20. 22], and, in some 
cases, difficulty in recovering virus from the remaining resting T 
cells [20]. However, there are several concerns about the long- 
term effects of EL-2 on the immune system [19], its potential tox- 
icity [19, 22], and the virus rebound observed in the plasma of 
HIV-infected persons receiving IL-2 after HAART is withdrawn 
[48]. Other studies have focused on the use of immunomodula- 
tory agents to prevent activation of these cells [24-26], even 
though these agents are generally immunosuppressive. 

More recently, other investigators evaluated the effect of ther- 
apy with cyclophosphamide, a cytotoxic agent, in combination 
with HAART on the latent reservoir. No significant reductions 
in HIV DNA in either PBMC or lymphoid tissue were associ- 
ated with the administration of cyclophosphamide [28]. Finally, 
there has been some success in treating patients with HAART 
soon after infection and then withdrawing HAART at a later 
time [49]. Some of these patients can control residual viral rep- 
lication (probably derived from the latent virus reservoirs) for at 
least several months. Stimulation of anti-HTV cytotoxic T lym- 
phocytes with HIV-based vaccines has been suggested as a way 
to control virus emerging from latently infected cells [16, 29, 
49]. This is also a viable and logical strategy, but it is too 
early to know how effective it will be in eliminating latently in- 
fected cells in vivo. 

We explored the possibility of killing resting latently infected 
T cells with ITs. To this end, we previously developed an in 
vitro model of HIV preintegration latency in which the CD25~ 
latently infected T cells produced HIV only after activation 
[32, 33]. These cells have many of the functional hallmarks of 
latently infected cells from HIV-positive patients; however, 
we were unable to generate in vitro- infected cells with postinte- 
gration latency [35]. By using these in vitro latently infected 
cells in conjunction with flow cytometry and PCR, we found 
that the anti-CD45RO IT effectively killed these cells but spared 
the naive CD45RA+ cells [34]. Furthermore, this IT preserved a 
significant percentage of CD45RO'° memory T cells, and these 
cells were functional, as determined by cytokine expression in 
the absence of virus production after activation [34]. Of impor- 
tance, the anti-CD45RO IT was equally effective in killing cells 
harboring both M-tropic or T-tropic virus, which suggests that 
this IT should not be influenced by viral mutations [34]. On 
the basis of these results, we concluded that the anti-CD45RO 
IT was as effective as the anti-CD25 IT in eliminating activated 
HIV-producing cells but, of more importance, unlike the anti- 
CD25 IT, it also killed latently infected cells. 

In the present study, we determined whether the anti-CD45RO 
IT could eliminate latently infected CD4 T cells obtained from 
HIV-positive persons with or without detectable plasma viremia. 
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Table 3. Effect of treatment with immunotoxins (ITs) on p24 production and frequency of infected cells. 



p24. pg/mL (range) 



Infected cells/10 6 



CD25/ 



CD25/ 



Grou. ^utient 


CM 


CD25 


CD45RO 


CD45RO 


CM 


CD25 b 


CD45RO 


CD45RC 


— 

pificj. te viremia 


















1 






u 




■LJ 




I 








&r> * in snn^ 

J4 { lU.JOJ-O+.oUUI 






II 
1 ^ 


i j 




<f i 


3 


300 




0 


0 


18 




<l 


<1 


4 


2580(1300-3650) 


3060(2470-3180) 




0 


20 


13 




<l 


5 


158 




0 




5 




<l 




6 


31,833 (12,000-57.900) 


65.600 (49.000-86.500) 




0 


>20 


>20 




<1 


7 


68.5 




0 




1.3 




<1 




8 


136 (34-358) 


147 (34-336) 




0 


3 


5 




<l 


0 


138(41 -366) 


425 (75-990) 




0 


14 


5 




<1 




43.6 




0 


0 


<1 




<1 


<1 


1 . 


1878 




0 


0 


4 




<l 


<1 


i: 


925 




0 


0 


>20 




<l 


<1 


13 


24,764 (3325-53.360) 


25,680 (5437-54.071) 


0 


0 


5 


5 


<0.6 


<0.6 



Anti-CD45RO 
IT 



Viremia below level 
of detection 
14 J 
15 d 
16 d 



6 

2.7 
0.1 



0.3 
0.5 
0.04 



V ---TE. Limiting dilution assay can detect 1 human immunodeficiency virus (HIV)-positive cell/10** cells. CM. control medium; — , not done. 
10 6 cells/well. 

^roup corresponds to no. of HIV latently infected CD4 T cells (see text). 

Difference between no. of cells in this group compared with anti-CD25 IT-treated group corresponds to no. of HTV latently infected cells eliminated. 
d Two experiments were done by using cells from patient 14 (1 shown); 1 experiment each was done by using cells from patients 15 and 16. 



The latter patients had documented postintegration latency, as 
determined by an inverse PCR strategy to selectively amplify 
t' integrated form of HIV-1 DNA [2, 13]. 

i'hree major findings emerged from our study. First, by using 
cells from patients with detectable plasma viremia, the anti- 
CD45RO IT significantly reduced the frequency of both produc- 
tively and latently infected CD4 T cells but spared the CD45RA* 
cells and some of the CD45RO'° memory cells. Second, the sur- 
viving cells did not produce FL HIV DNA or p24 after acti- 
vation, which suggests that this IT kills a significant proportion 
ofCD4 T cells that may represent replication-competent virus 

lervoirs. Third, when cells from 3 patients with no detectable 
.iremia who were receiving HAART were evaluated, the anti- 
CD45RO IT also was highly effective in killing the latently 
infected cells in samples from 2 of the 3 patients (8l%-95% 
reduction in frequency of HIV-producing cells). In the third pa- 
tient, who had few latent cells, the IT decreased these cells by 
60%. Other studies that assessed this particular patient reported 
a CD45RA* (or a 00451^, CD45RO*°) reservoir [42]. 

This study demonstrates the utility of these ITs in defining 
opulations of cells infected with HIV. In considering this IT 
for future clinical development, many important issues must be 
addressed. These include the possible toxicity of the IT on other 
hematopoietic cells such as neutrophils or macrophages, how 
treatment will affect the thymus or functional T cell memory, 



and the toxicities of ITs [50] plus HAART in HIV-infected 
persons. 

We do not yet know whether naive CD8 T cells and some CD4 
CD45R0' 0 memory T cells are spared. There is evidence from 
other studies [5 1 -53] that a proportion of CD8 memory T cells 
and naive CD8 T cells lack CD45RO and should also be spared 
[34]. Although expression of CD45RA and CD45RO has long 
been assumed to delineate naive versus memory T cells, recent 
studies have shown clearly that some memory cells, particularly 




Figure 3. Polymerase chain reaction analysis of human immuno- 
deficiency virus (HIV) proviral DNA from CD4 T cells from HIV- 
infected persons. Lanes 1-4, CD4 cells from HIV-positive subjects; 
lane 5, 8E5 cells; lane 6, normal peripheral blood mononuclear cells. 
A, RU5. B, Full-length HIV DNA. CD4 cells were treated with com- 
plete medium (lane I), anti-CD25 immunotoxin (IT; lane 2), anti- 
CD45RO IT (lane 3), and both ITs (lane 4). 
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Table 4. Polymerase chain reaction analysis of human immunodeficiency virus (HIV) proviral DNA from 
CD4 T cells from HIV-positive persons. 



Patient 


Control medium 




CD25 




CD45RO 


CD25/CD45RO 


RU5 a 


FL h 


p24* 


RU5 a 


FL h P 24 tf 


RU5 1 ' 


FL h p24' 


RU5' FL b p24 c 


3 




+ 


+ 










+ — — 


6 


+ 


+ 


+ 


+ 


+ + 






+ - - 


11 


+ 


+ 












+ - - 


12 


+ 


+ 


+ 






+ 




+ — — 


13 




+ 


+ 


+ 




+ 




+ - - 



NOTE. In all. 10* cells were used for each sample. +. DNA fragment detected: DNA fragment not detected 
Sensitivity. I copy/ 10* cells. 
^Sensitivity. 10 copies/10 ft cells. 
c Limit of detection. 30 pg/mL. 



CD8 cells, can undergo a phenotypic conversion from CD45RCT 
CD45RA-toCm5RO- /k> CD45RA\Thesecellsretainotherphe- 
notypic and functional features of memory cells [53-57], and this 
conversion thus represents a limited phenotypic change and not a 
reversion to a naive status. Thus, CD4 memory cells secrete the 
hallmark cytokines IL-4and interferon (IFN)--y. IFN-y is also a 
hallmark of CD8 memory cells. 

During chronic infections such as HIV, CEMSRO"^ CD45RA* 
cells may comprise the majority of CD8 memory cells [53-55] 
(L.J.P., unpublished data). Thus, although most CD45RCT CD4 
memory cells will be eliminated with the anti-CD45RO IT, not 
all CD8 memory cells will be eliminated [51]. When HIV- 
infected patients undergo HAART, CD45RO~ /1 ° naive cells in- 
crease in some but not all patients [58-61] (L.J.P., unpublished 
data). In addition, although we have good evidence that this IT 
spares CD45RA* cells [34], it will be important also to examine 
the effect of the IT on the function of CD45RA" naive CD4 and 
CD8T cells. 

With regard to the theoretical advantage of using ITs in HIV- 
positive patients, the elimination of accessible T cells in the 
lymph nodes, blood, and bone marrow (compared with previous 
clinical use of ITs to decrease inaccessible tumor nodules) should 
require smaller doses of the ITs than those required for cancer 
patients [50]. Although the toxicity of ITs in HIV-positive per- 
sons is unknown, in phase 1 trials with lymphoma patients [50], 
the most common adverse events have been manifestations of 
vascular leak syndrome (VLS). VLS was most severe and dose 
limiting in patients who had undergone prior radiotherapy, 
which would be unlikely in HIV-positive persons. At doses pre- 
dicted to eliminate CD45RCT cells, we would be well below this 
dose. Furthermore, we now have generated a recombinant- ricin 
A chain (rRTA) in which the sequences responsible for VLS 
have been altered (E.S.V., unpublished data). ITs prepared 
with this rRTA are being evaluated. Of importance, latent HIV 
disease is similar to minimal residual neoplastic disease in repre- 
senting an ideal setting for IT therapy. Nevertheless, unpredicted 
toxicities might occur and these can only be studied in phase I 
clinical trials. 
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FBL3, produces multiple cytokines, and is cytotoxic. Succesfully transduced C8 cells were 
identfied by their cell-surface expression of NGFR which was detected by fluorescence flow 
cytometry using an NGFR-specific antibody conjugated with fluorescein isothiocyanate (FITC). 
The resulting recombinant cell lines were cloned by limiting dilution and a clone of each, 
designated C8.IL3-DT and C8 JL3-BAX, was selected for further experimentation. AH the 
above procedures were carried out essentially as described in Example 1 of the present patent 
application. 

Figures 1 and 2 in Appendix A are survival curves obtained from two separate 
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died as fast as the mice injected with FBL3 cells and control untransduced C8 cells. 

Figures 3 and 4 in Appendix A arc survival curves obtained from two separate 
experiments in which mice (5-7 per group) were injected i.p. with about 5 x 1 0 6 FBL3 cells. 
Four days later the mice were injected i.p. with about 5 x 10 6 C8.IL3-BAX cells or control 
untransduced C8 cells. As can be seen from Figures 3 and 4, the C8.IL3-BAX cells ("IL3BAX 
retlT") caused a significant increase in survival time compared to control untransduced C8 cells 
("Non-transduced"). Mice injected with FBL3 cells but no T cells (data not shown) died as fast 
as the mice injected with FBL3 cells and control untransduced C8 cells. 

The above data show that CTL secreting immunotoxic fusion proteins containing as a 
targeting domain the cytokine 1L-3 and as toxic domains DT390 or BAX have in vivo therapeutic 
effects on a systemic leukemia. 
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